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ABSTRACT 
This .  s t u d y  a n a l y z e s  t h e  u t f l i t y  o f  a n  ERS s y s t e m  a s  a n  
e f f e c t i v e  t o o l  i n  Land Use mandgement ,  The a p p r o a c h  t a k e n  h e r e  
d i v i d e s  t h e  a n a l y s i s  i n t o  two p a r t s ,  1) a q u a l i t a t i v e  s t u d y  o f  
p o t e n t i a l  Land Use r e s o u r c e  management  f u n c t i o n s  (RMF's) ( P a r t  I ) ,  
a n d  2 )  a c o s t  e f f e c t i v e n e s s  c o m p a r i s o n  b e t w e e n  a l t e r n a t i v e  
E a r t h  R e s o u r c e  S u r v e y  (ERS) s y s t e m s  b a s e d  o n  v a r i o u s  p r o j e c t e d  
l e v e l s  o f  demand ( P a r t  11). The s t u d y  o f  ERS i n f o r m a t i o n  as a p -  
p ~ i e d  t o  Land U s e  management  i s  a r e l a t i v e l y  new f i e l d .  A s  a 
r ~ s u l t ,  t h e  p r i m a r y  p u r p o s e  o f  P a r t  I i s  t o  e x p l o r e  t h i s  new 
a r e a  by q u a l i t a t i v e l y  e x a m i n i n g  t h e  p o t e n t i a l  new c a p a b i l i t i e s  
a s p a c e - b a s e d  ERS s y s t e m  c o u l d  o f f e r  t h e  Land Use manage r .  A 
v a r i e t y  o f  RMP's a r e  p o s t u l a t e d  w i t h i n  wh ich  ERS a c t i v i t i e s  
m i g h t  o c c u r  a n d  t h e  p r e s e n t  ERTS i n v e s t i g a t i o n s  i n  t h e s e  a r e a s  
a r e  o u t l i n e d .  
The s e c o n d  p a r t  o f  t h i s  vo lume a d d r e s s e s  t h e  i s s u e  
o f  t h e  c o s t  e f f e c t i v e n e s s  o f  s a t e l l i t e s  as  a  component  o f  a n  
ERS s y s t e m .  T h i s  s t u d y  c o n t a i n s  a n  e s t i m a t e  o f  t h e  F e d e r a l  
l e g a l  a n d  s t a t u t o r y  r e q u i r e m e n t s  f o r  r e m o t e  s e n s i n g  as t h e y  
fo rm a  lower -bound  e s t i m a t e  o f  t h e  demand f o r  r e m o t e  s e n s i n g .  
The s t u d y  i n d i c a t e s  a c o s t  s a v i n g s  p o t e n t i a l  of f rom $7.9 
t o  $ 3 7 . 1  m i l l i o n  a n n u a l l y  a t t r i b u t a b l e  t o  t h e  i n c l u s i o n  o f  
ERTS-l ike s a t e l l i t e s  i n  t h e  ERS s y s t e m .  
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1 . 0  E X E C U T I V E  SUMMARY 
1.1 The P u r p o s e  and Major F i n d i n g s  o f  t h e  S t u d y  
The p u r p o s e  o f  t h i s  s t u d y  was t o  examine  t h e  economic  
p o t e n t i a l ,  d e f i n e d  f o r  t h i s  s t u d y  a s  c o s t  s a v i n g s ,  o f  a n  ERTS t y p e  
s a t a l 1 i t . e  i n  t h e  d e v e l o p m e n t ,  u p d a t i n g  and m a i n t e n a n c e  o f  a  n a t i o n -  
wide l a n d  c o v e r  i n f o r m a t i o n  s y s t e m  i n  t h e  p o s t - 1 9 7 7  t i m e  f r a m e .  A s  
e n v i s i o n e d  i n  t h i s  s t u d y ,  t h e  n a t i o n a l  i n f o r m a t i o n  s y s t e m  must  b e  
c a p a b l e  o f  s a t i s f y i n g  a t  l e a s t  t h e  l a n d  c o v e r  i n f o r m a t i o n  r e q u i r e n e n t s  
o f  a i l  F e d e r a l  c i v i l i a n  a g e n c i e s  u n d e r  e x i s t i n g  F e d e r a l  s t a t u t e s .  
The s t u d y  examines  s e v e r a l  a l t e r n a t i v e  a c q u i s i t i o n  s y s t e m s  f o r  
l a n d  c o v e r  d a t a  and t h e  r e l e v a n t  i n f o r m a t i o n  a c q u i s i t i o n ,  
d a t a  p r o c e s s i n g  and i n t e r p r e t a t i o n  c o s t s  a s s o c i a t e d  w i t h  e a c h  
a l t e r n a t i v e .  The b a s i c  p rob lem was t o  d e t e r m .  l e ,  on a  t o t a l  ! i f e  
* 
c y c l e  c o s t  b a s i s ,  u n d e r  which c o n d i t i o n s  o f  u s e r  demand ( a r e a  o f  
c o v e r a g e ,  f r e q u e n c y  o f  c o v e r a g e ,  t i m e l i n e s s  o f  i n f o r m a t i o n ,  and 
l e t e l  o f  i n f o r m a t i o n  d e t a i l )  a n  ERTS t y p e  s a t e l l i t e  would  be c o s t  
e f f e c t i v e  a n d ,  i f  s o ,  what  would b e  t h e  a n n u a l  c o s t  s a v i n g s  
b e n e f i t s .  
Major c o n c l u s i o n s  o f  t h i s  s t u d y  a r e :  
1. An ERTS t y p e  s a t e l l i t e  i s  a  c o s t - e f f e c t i v e  s y s t e m  
f o r  s a t i s f y i n g  t h e  e x p e c t e d  l e v e l  o f  demand f o r  l a n d  
c o v e r  i n f o r m a t i o n  i n  t h e  pos t - -1977  p e r i o d .  T h i s  i s  p r e d i c a t e d  
upon an  a n n u a l  demand l e v e l  o f  s i x  t i m e s  c o v e r a g e  o f  t h e  
--- --..--- 
*Throughou t  t h i s  r e p o r t  we r e f e r  t o  l i f e  c y c l e  c o s t s  which  were  
computed o v e r  t h e  p e r i o d  1975-1993 i n  1973  d o l l a r s  d i s c o u n t e d  a t  
1 0 %  t o  1974 .  
continental Ur.5. ?I' States plus Alaska, with each mapping 
mission to be completed within 6 0  days and the mapping 
information classified to Level 11 detail, (USGS - 
Circular 671 classification scheme) morc detailzd 
coverage (Level 111) of the sane area once every five 
years. To satisfy this dem~..d level, the cost-effec- 
tive system requires two satellites simultaneously in 
orbit. However, high and low altitude aircraft with 
ground survey teams are also necessary components of a cost- 
effective data acquisition and processing system for 
thxs level of demand. 
2. A three-satellite system with high and low altitude 
aircraft and ground survey teams is cost-effective at 
an annual demand level of twelve times coverage of the 
U.S. 2t Level 11, 1:ith each mapping mission to be 
completed within 30 days and Level 111 coverage of the 
U.S. once every five years. 
3. In the post-1977 time frame, automatic (e.g. computer) 
interpretation and classification techniques will be 
technically and economically preferred over manual 
interpretation methods. 
. . 
4. The expected annual cost savings that accrue 
from an operational ERTS as a component of a Nationwide 
Land Cover Information System is $23 million of un- 
discounted 1973 dollars (as compared to an aircraft 
only system). 
5. The satellite configuration assumed for purposes of 
this analysis is not the optimum configuration to 
accomplish both the U . S .  and the global coverage missions 
at minimum cost. Further cost savings can be realized 
by modifying the configuration of an operational ERTS 
system. A joint systems engineering and economic analysis 
of various satellite configurations for accomplishing 
both missions should be undertaken. 
The following sections of this chapter will address severaz 
important questions relevant to the purpose and findings of this 
study. What is the basis or need for a nationwide land cover 
information system and how might such a system be organized 
and operated? What will be the likely demand for land cover 
information in the post-1977 time frame, and what are the technical 
alternatives for satisfying these demands? Finally, what are i 
thL major variables which impact the life cycle cost of the 
alternative data acquisition systems and which system alterna- 
tives are economically prefe'rred at various levels of demand for 
land cover information? 
1.2 The Need for a Nationwide Land Cover Information System 
> - 
I i 
In July of 1973, a Federal Mapping Task Force which 
had earlier been established by the Director of the Office of 5 
: 
Management and Budget issued a report* on Federal agency surveying 
4 
and mapping activities. This..report summarized the work and 
results of a major inquiry concerning: (1) the existi~g data 
3 
collection programs of various Federal civil agency and military z 
. . 
domestic mapping programs, and (2) an investigation of systems 
and procedures to achieve both improved economies in these data 
collection programs and increased responsiveness to user needs. 
The Task Force report underscored three major problems which 
. . 
have long been associated with Federal civilian mapping programs: ! :  
uncoordinated, single-purpose surveys and mapping i 
which benefit only one user agency 
a growing mass of unmet national demand for mapping 
data and products 
the inability of the present structure of data 
I ;  
collection programs to deal efficiently and responsively I . I
. -: .
! 5 
kith growing and changing demand requirements. 
* Report of the Federal Mapping Task Force on Mapping, 
Charting, Geodesy and Surveying, July, 1973 
Throughout  o u r  own s t u d y  w e  h a v e  r e p e a t e d l y  c o n f i r m e d  
t h e s e  ear l ier  o b s e r v a t i o n s .  W e  h a v e  i n q u i r e d  i n t o  t h e  p r e s e n t  
day  d a t a  c o l l e c t i o n  a c t i v i t i e s  o f  v a r i o u s  F e d e r a l  a g e n c i e s ,  w e  
h a v e  s t u d i e d  r e p o r t s  on  t h e  u t i l i t y  o f  more e x t e n s i v e  and more 
t i m e l y  e a r t h  r e s o u r c e s  i n f o r m a t i o n ,  a n d  w e  h a v e  i n t e r v i e w e d  
r e s p o n s i b l e  o f f i c i a l s  o f  c i v i l i a n  F e d e r a l  agency  mapping p rograms  
c o n c e r n i n g  t h e i r  d a t a  n e e d s  a n d  t h e i r  p r e s e n t  e f f o r t s .  W e  f i n d  
t h a t  t h e  need  f o r  l a n d  c c v e r  i n f o r m a t i o n  i n  t h e  U n i t e d  S t a t e s  f a r  
e x c e e d s  t h e  p r e s e n t  d a y  d a t a  c o l l e c t i o n  a c t i v i t i e s .  
W e  a g r e e  w i t h  t h e  p r i m a r y  c o n c l u s i o n  o f  t h e  F e d e r a l  
Mapping Task  F o r c e ,  t h a t  i n  o r d e r  to  r e c t i f y  t h i s  i m b a l a n c e  
mos t  e f f i c i e n t l y ,  t h e r e  is  a n  u r g e n t  need  t o  c o n s o l i d a t e  the  
f r a g m e n t e d  da ta  c o l l e c t i o n  e f f o r t s  of t h e  many F e d e r a l  a g e n c i e s  
i n t o  a new c e n t r a l i z e d  mapping o r g a n i z a t i o n .  T h i s  need  l e a d s  
d i r e c t l y  t o  a Na t ionwide  Land Cover  I n f o r m a t i o n  System.  
1.3 C o n c e p t u a l  D e s c r i p t i o n  o f  a F u t u r e  N a t i o n w i d e  Land 
Cover  I n f o r m a t i o n  Sys tem 
F i g u r e  1.1 p r o v i d e s  a n  o v e r v i e w  o f  t h e  o r g a n i z a t i o n  
and o p e r a t i o n  o f  a f u t u r e  N a t i o n w i d e  Land Cover  I n f o r m a t i o n  
System. A t  t h e  o u t s e t ,  two p o i n t s  must  b e  c l e a r l y  u n d e r s t o o d .  
W e  h a v e  n o t  u n d e r t a k e n  i n  t h i s  s t u d y  a svs t -  e n a w g  
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Figure 1.1 Conceptual Flow Thrqugh Land Cover Information System 
8 .  , , 
! :  ; :; 
1. .k- 1 
o n l y  s k e t c h e d  o u t  o u r  own rough  c o n c e p t  o f  a  n a t i o n a l  i n f o r m a -  
$ -  1: i t 
t i o n  s y s t e m  f o r  t h e  p u r p o s e  o f  i d e n t i f y i n g  t h e  c o s t  e l e m e n t s  i ; 
4 
r h a t  a r e  r e l e v a n t  t o  a cost e f f e c t i v e n e s s  a n a l y s i s  o f  a n  ERTS t y p e  
s a t e l l i t e  a s  a  m a j o r  i n f o r m a t i o n  a c q u i s i t i o n  component,  A - 
s e c o n d ,  r e l a t e d  p o i n t  i s  t h a t  we c o n s i d e r e d  i n  t h i s  a n a l y s i s  
o n l y  t h e  c e n t r a l  c o r e  o f  a n a t i o n w i d e  l a n d  c o v e r  i n f o r m a t i o n  sys tem.  r 
, t  i s  l i k e l y  t h a t  t h e r e  w i l l  b e  a ne twork  o f  u s e r  s e r v i c e  
. :ac i l i t ies ,  o r g a n i z e d  p e r h a p s  o n  a r e g i o n a l  b a s i s r  which  w i l l  
d i s t r i b u t e  r e s o u r c e  management d a t a  p r o d u c t s  f rom t h e  c o r e  
f a c i l i t y  t o  t h e  v a r i o u s  u s e r s .  The s u p p o r t  ne twork  o f  u s e r  ser- 
v i c e  c e n t e r s  h a s  n o t  b e e n  c o n s i d e r e d  i n  t h i s  s t u d y  s i n c e  t h e  
i n v e s t m e n t  a n d  o p e r a t i o n s  c o s t  o f  a n y  s u c h  ne twork  would b e  
common t o  a l l  t h o  a l t e r n a t i v e  d a t a  a c q u i s i t i o n  s y s t e m s .  
Fablc- 1.1 l ~ s t s  t h e  r e m o t e  s e n s i n g  p l a t f o r m s  which a c q u i r e  d a t a  
f o r  t h e  n z i i o n a l  i n f o r m a t i o n  s y s t e m .  The p r o j e c t e d  1977  c a p a b i -  
l i t i e s  o f  t h e  s e v e r a l  s e n s o r s  f o r  a c q u i r i n g  i n f o r m a t i o n  a t  
v a r i o u s  l e v e l s  o f  d e t a i l  are shown i n  T a b l e  1 . 2 .  The method o f  
p r o c e s s i n g  a n d  c l a s s i f i c a t i o n ,  manual  o r  a u t o m a t i c  ( compute r )  
t e c h n i q u e s  h q s  a m a j o r  i n f l u e n c e  i n  t h i s  r e g a r d ,  Us ing  manual  
i n t e r p r e t a t i o n  methods ,  ERTS images  c a n  p r o v i d e  L e v e l  I i n f o r -  
matiox., a s  h a s  been  d e m o n s t r a t e d  by s e v e r a l  ERTS i n v e s t i g a t o r s  
(5te  R e f e r e n c e s  1, 6 ,  8 a n d  9  o n  p a g e  I11 - 1 9  o f  Appendix 111). 
Many i n v e s t i g a t o r s  r e p o r t e d  manual  mapping o f  some L e v e l  I1 
Table 1.1 Remote S e ~ s i n g  Data ~ c q u i s i t i o n  
Elomants FOZ A Nationwide Land 
Cover Information System 
ERTS -type Mul t i spec t r a l  scanner  
Return B e a m  Vidicon 
High Al t i t ude  Aircraft-0-2 l 4u l t i spec t r a l  Scanner 
6 inch metric camera 
categories from ERTS but they could not satisfy the 90% accuracy 
standard recommended in the USGS-Circular 671. Typical accuracies 
f 
' .. 
Table 1.2 Pro jec ted  Sensor C a p a b i l i t i e s  
POX Acquiring Information A t  
Various Levels of D e t a i l  
reported for Level I1 information obtained via manual techniques 
range from 509 to 709. Computer processing and classification 
Manual Processing 
ERTS HA G T  
Level 1 4 4 4 
Level 11 J / 
Level 111 i 
techniques are relatively naw and the state of the art is in its 
Automatic (Computer) p rocess ing  
ERTS. HA GT 
Level I 4 J J 
~er.1 11 J 4 d 
~eva1111 J J 
infancy. Already, very promising results have been reported by 
ERTS principal investigators; the only type of information for 
which consistent difficulties have been encountered is the Urban 
subcategories of the USGS land use classification scheme, speci- 
fically, Urban-commercial, Urban-industrial and Urban services. 
With the exception of these Urban subcategories, computer 
processing of ERTS images will undoubtedly pezmit the mzpping of 
Level I1 information* at 90% accuracy standard. Figure 1.2 is 
an example of a computer generated color coded land use map 
prepered by NASA/JSC Earth Resources Laboratory of the 
Mississippi Test Facility in Bay St. Louis, Mississippi. 
1.4 Overview of the Study Approach 
Figure 1.3 depicts the study approach in overview form. 
The analysis begins with projections of the demand for land cover 
information which each technology system must satisfy on an equal 
capability basis. For the purposes of t h i ~ ~ a n a l y s i s  only demand 
which requires full target coverage is considered. Thus, demand 
requirements which can be satisfied by a probability sample of a 
given target area have been excluded from our analysis. 
The analysis of demand for remotely sensed land cover 
information focuses on four major characteristics of user demand: 
area of target, timeliness of information, frequency of update, 
*See References 10, 13, 14, 15 and 17 on page 111-20. 
URBANIINDUSTRY MARSH I OTHER B .I.,..~ bl i 
W A T E R  
WAlhIIIC I a d h  l -uur t - r  I u b r * r u 7  
GRASS - *1 1 4 1  11 l m * . ~  I*t$lr,*.p.n 
FOREST B CULTIVATED 
F i q u r e  1.2 Computer  Derived Land Use classification of 
E R T S - 1  Data  A c q u i r e d  August  7 ,  1372--Mississippi 











































































































































































































































































































































































































































































































































and level of information detail. The target area refers to the 
percentage of ths United States that must be covered to satisfy a 
specific demand requirement. Though actual user desired targets 
vary continuously from small regions of the United States to the 
full United States, this analysis classifies user demand into one 
of four area requirement categories: loo%, lo%, 1% or -1% of 
the United States. Timeliness of information (also called user 
time window) refers to the maximum allowable elapsed time (in days) 
during which the remote sensing of land cover information must be 
completed in order to sdtisfy the user. This important 
characteristic varies from once every five years to w,eekly. 
The frequency of coverage refers to the number of times that 
targets of a given size, timelinessand.leve1 of detail require- 
ment are covered during one year. Note that the frequency of 
coverage is a composite of users who want repeated coverage of 
a given target area as well as users who want one-time 
coverage of targets of a given size which are geographically or 
temporally distinct. The level of information detail reflects 
the scale required which, in turn, is determined by the type 
of information needed to fulfill the user requirements. In 
our study, Level I information corresponds to a mapping scale 
of 1:500,000, Level 11, 1:125,000 and Level xII, lt24,OOO. 
Using t h e  a b o v e  f o u r  demand c h a r a c t e r i s t i c s ,  a s e a r c h  
was made o f  t h e  e x i s t i n g  F e d e r a l  s t a t u t e s  t h a t  e i t h e r  mandate  
o r  e n a b l e  F e d e r a l  c i v i l  agency  l a n d  c o v e r  mapping p rograms .  An a 
i 
a n a l y s i s  o f  F e d e r a l  Agency demand f o r  r e m o t e l y  s e n s e d  l a n d  c o v e r  
i n f o r m a t i o n  i n  t h e  1977 t i m e  frame ( u n d e r  e x i s t i n g  F e d e r a l  s t a t u t e s )  i' 
; 
was made f o r  t h e " l a n d  u s e  p l a n n i n g  communityWand s e p a r a t e l y ,  f o r  
* a l l  l a n d  c o v e r  use r s . "  O u r ' d e t a i l e d  f i n d i n g s  a r e  documented 
i n  C h a p t e r  3 and  Appendix I11 o f  t h i s  r e p o r t .  A f t e r  e l i m i n a t i n g  
o v e r l a p p i n g  da ta  g a t h e r i n g  r e q u i r e m e n t s  o f  t h e  v a r i o u s  F e d e r a l  
a g e n c y  u s e r s ,  w e  c o n c l u d e d  t h a t  mos t  o f  t h e  F e d e r a l  demand 
r e q u i r e m e n t s  f o r  b o t h  u s e r  g r o u p s  i s  f o r  L e v e l  I1 i n f o r m a t i o n ;  
t h e  c o v e r a g e  r e q u i r c m e n t  e x t e n d i n g  o v e r  t he  e n t i r e  c o n t i n e n t a l  
U n i t e d  S t a t e s  and  A l a s k a  l a n d  a r e a  a t  a n  a n n u a l  mapping f r e q u e n c y  
o f  f o u r  times, s e a s o n a l l y ,  i.e. w i t h i n  90 d a y s .  The v a s t  m a j o r i t y  
o f  F e d e r a l  agency  demand f o r  f u l l  t a r g e t  c o v e r a g e  (non-sampl ing  
. -.... - - .  
a p p l i c a t i o n s )  a r ises  f rom t h e  l a n d  u s e  p l a n n i n g  community. W e  
. -  . 
d i d  n o t  i d e n t i f y  any  F e d e r a l  r e q u i r e m e n t s  f o r  L e v e l  1 i n f o r m a -  
t i o n  f o r  e i t h e r  t h e  l a n i  u s e  p l a n n i n g  community o r  o t h e r  
F e d e r a l  l a n d  c o v e r  u s e r s .  I n  any  e v e n t ,  however ,  it s h o u l d  be  
n o t e d  t h a t  L e v e l  11 mapping i n f o r m a t i o n  c a n  r e a d i l y  be a g g r e -  
g a t e d  t o  p r o v i d e  L e v e l  I i n f o r m a t i o n .  ,We d i d  f i n d  s u b s t a n t i a l  t 
F e d e r a l  demand f o r  L e v e l  I11 i n f o r m a t i o n ,  b u t  f u l l  c o v e r a g e  o f  ,? 
J; 
t h e  U n i t e d  S t a t e s  i s  r e q u i r e d  o n l y  o n c e  e v e r y  f i v e  y e a r s .  
n o t  be  l i m i t e d  t o  F e d e r a l  u s e r s  on ly .  A s e p a r a t e  ECON s t u d y  I : 
documents t h e  need f o r  e a r t h  r e s o u r c e  management d a t a  from s t a t e ,  
r e g i o n a l  and l c c a l  government u n i t s  a s  w e l l  as t h e  needs  o f  t h e  
i n d u s t r i a l  and academic community. Q u a n t i t a t i v e  e s t i m a t e s  o f  t h e  I 
! demand f o r  l a n d  cove r  i n f o r m a t i o n  i n  t h e p o s t - 1 9 7 7  p e r i o d  from a l l  
s o u r c e s  a r e  h i g h l y  u n c e r t a i n ,  a t  p r e s e n t .  W e  h ave  t h e r e f o r e  
e x p l o r e d  t h e  economics o f  ERTS o v e r  a  r a n g e  o f  f u t u r e  demand l e v e l s ,  
from two t i m e s  coverage  of  t h e  U . S .  a t  Leve l  IT w i t h i n  180 d a y s  t o  
twelv'e t i m e s  coverage  of t h e  U . S .  a t  Leve l  I1 w i t h i n  30 days .  
On t h e  supp ly  s i d e  of  t h e  a n a l y s i s ,  t h e r e  a r e  s e v e r a l  
a l t e r n a t i v e  t e c h n i c a l  sy s t ems  c o n s i d e r e d  f o r  t h e  a c q u i s i t i o n  and 
p r o c e s s i n g  of t h e  l a n d  cove r  u s e r  r e q u e s t e d  d a t a .  Each t e c h n i c a l  
sys tem is  made up o f  two o r  more of t h r e e  b a s i c  remote  s e n s i n g  
components; namely a n  ERTS-1 t y p e  s a t e l l i t e ,  h i g h  a l t i t u d e  a i r -  
c r a f t  and a  ground t r u t h  sys tem which i s  d e f i n e d  t o  mean a  l o w  
a l t i t u d e  a i r c r a f t  w i t h  ground f o l l o w  u p  teams.  These remote 
s e n s i n g  components ( h e r e a f t e r  d e s i g n a t e d  S ,  HA and G T ) ,  a r e  
combined t o  form t h e  s e v e r a l  d a t a  a c q u i s i t i o n  sys t ems  i n d i c a t e d  
i n  ~ a b l ' e  1 .3 .  
For  pu rposes  of t h i s  a n a l y s i s ,  e ach  Of t h e  two and t h r e e  
t i e r  t echno logy  c h o i c e s  l i s t e d  i n  T a b l e  1 . 3  h a s  an  i m p l i e d  
2. 2S/BA/GT 
3 38/HA/GT 3. iS/GT 
4. 38/GT 
Legend: S refers to an BRTS type s a t e l l i t e  
HA refers t o  high alt itude aircraft  (1,121 
GT refers t o  low alt itude aircraft  and grount 
p r i o r i t y  ranking associated w i t h  t he  use of i ts  cons t i tuent  da ta  
acquis i t ion  systems. The p r i o r i t y  ranking i s  defined by the 
ordering of the  components of a  given technology choice. For 
example, the S/HA/GT technology implies t h a t  i n  our ana ly t i ca l  
models the  s a t e l l i t e  component w i l l  s a t i s f y  as much of the  user  
demand as  i s  possible ,  cons is ten t  with i t s  capab i l i ty  to . sah i s fy  
the  l eve l  of 3nformation d e t a i l  requirement of the  u s e r r  and the  
user t imeliness requirement and t o  overcome cloud cover problems, 
Whatever portion of user demand t h a t  cannot be s a t i s f i e d  by the  
s a t e l l i t e  is assigned t o  high a l t i t u d e  a i r c r a f t  and whatever 
demand i s  l e f t  unsa t i s f ied  by t h a t  component is  assigned t o  the 
._gqoqn! t ru th  system. To i l l u s t ~ a t e ,  . i f  the user demand were t o  
- .  --.- . > . .  - . . - .  - . ... . . % . 
* .  
. . 
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, .. 
U.S. within a specific 30 day period then, given an 18 day 
satellite revisit time, the satellite would acquire only a 
fraction, say p , of its assigned target, where p 3epends 
the amount of cloud interference that it encountersd over the 
target during 1-2/3 passes. In this case, the high altitude 
aircraft component (HA)  of the S/HA/GT technology would be 
assigred to provide rsmote sensing coverage over that portion 
of the user target area left unsatisfied by the satellite. 
Moreover, the HA component may also fail to c o ~ p l e t e  the mission 
due to cloud cover problems and tight time requirements; in 
which case, the ground truth component (GT) consisting of low 
altitude aircraft and supporting ground teams are assigned to 
complete the task. The specific assumptions and methodolgy 
that are used for analysis of the three tier and two tier 
systema are described of this Chapter 4 of the report. 
The analytical models depicted in Figure 3 . 3 .  
allocate the projected user demand to the S, H A  and GT com~onents 
in accordance with the characteristics of user demand, cloud 
cover problems, capabilities of the component sensors and 
oaerational constraints inposed on the analytical models. Once 
the demand has been allocated to the three basic remote bensing 
components, the costs of satisfying these demands are calculated 
in the costing models,taking into account the many investment 
and operating cost elementa of each system. The basic lnnual 
cost information for each of the technology choices are +%en 
reassembled and compared in the evaluation model. 
1-16 
1.5 Results 
Life cycle costs were computed for each of the two and 
three tier data acquisition systems previously described. Total 
program cost comparisons were made for the alternative systems 
(1) over a range of land cover demand levels, 12)  using automatic 
and manual data processing and interpretation techniques and 
( 3 )  under two different user cloud cover requirements. The basic 
problem underlying and guiding these life cycle cost comparisons 
was to determine under which conditions of user demand (area of 
coverage, frequency of coverage, timeliness of information and 
level of information detail) an ERTS type satellite wouid be cost . 
effective and, if so what would be the annual cost savings benefits. 
Our analysis begins by considering only Federal user agency 
demand for land cover information under existing Federal statutes. 
Ne.5, we address the national resource management information needs 
of all user groups, Federal and otherwise. For this case, demand 
projection in the post-1977 time frame are highly uncertain; thus 
a parametric demand-cost analysis is made. Finally, in order to 
estimate the likely cost savings benefits of ERTS, We evaluate the 
system alternatives for three particular d e ~ a n d  scenarios which 
we believe will bracket the actual national' demand for land cover 
information in the posk-1977 time period. A description of the 
results of these analyses follow. 
A comparison was made of the life cycle costs required to 
? .  satisfy 1977 Federal agency demand using either manual or automated 
data processing and classification techniques. Life cycle summary 
costs are shown separately in Table 1.4 for the -&and use planning 
coraunity" and, separately, for *all land cover users.? The projected 
1977 Federal agency-Land Use Planning demand* principally inwolves 
four tires annual coverage of the U.S. at Level 11, Level I11 
;overage of the U.S. once every five years and fractional coverage 
1 ' -  of the U . S .  at Level I1 and Level 111 at more frequent ~ i m e  inter- 
: /  vals. The projected 1977 Federal agency-All Land Cover Users 
. i 
i 1 
I demand* encompasses the Land Use Planning demand and additional; 
fractional coverage of the U.S. at Level I1 and Level 111 at more 
frequent intervals. Tvo different user cloud cover requirements, 
0-30% and 0-101 allowable cloud coverage, were also considered. 
The cost-effectiveness analysis of the technical alternatives for 
-. i satisfying Federal agency information demands revealed two 
- i I important results: 
1. An all aircraft systek is cost-effective when considering 
only Federal agency demands for U . S .  coverage and a mixture 
of satellite, high and low altitude aircraft provide the 
next best alternative. 
* Precise descriptions of demand are provided in Tables 3.4 and 










































































































































































































































































































































































































































































2, Automatic data processing techniques u e  economically f [; ' 
'. 
preferred over manual methods, 1: 
I :  
The fact that a satellit. component does not emerge as an essentia:. 
component of a cost-effective system for satisfying Federal agency 
t 
demand can be attributed to the Level 111 information requirements 
of Federal users, While these requirements cannot be satisfied 
by ERTS, they can be satisfied by high altitude aircraft and at 
less cost than vould be required by low altitude aircraft m d  gronnd 
surrey t e u s .  Subsequent analysis rho*$ that the satellite component 
becomes economically attractive vith increasing Level 11 information 
demands and that when the projected demands arising from a11 earth 
resource management needs are considered, a -witha satellite system 
is cost-effective- 
As regards automatic versus manual data processing, 
! 
Table 1.1 indicates that in every instance of comparison, ? 
there are significant cost savings advantages that accrue to the 
automatic techniques over manual techniquet, This result was to be 
expected given the differences in the projected capability of these ; :- 
, ,- 
tecbnfquts in the 1977 tire frame for acquiring increasingly detailed I ? .  ; 
. . 
land cover inforration, Using ERTS, manual techniques can provide 
only Level I information with the necessary accuracy while automated 
techniques can provide both Level I and Level 11 type information. 
Similarly, using high altitude aircraft, manual techniques can provide 
Level X and Level 11 while all levels of classification detail can 
be obtained from automatic techniques. 
Table 1.4 8180 provides some interesting insights into 
the effect@ of users cloud free coverage requirements. As one 
would expect, the more stringent cloud free coverage requirement 
of 0-lot causes a major increase in total program costs. This 
is due to the fact that in order to satiefy a fixed user time- 
 line^^ requirer*nti tbe satellite and hfgh altitude aircraft 
systems rust yield a greater portion of the user target to 
lcw altitude aircraft and ground survey teams. Thus, in addition 
to incurring expensive investment cost of the satellite and high 
altitude aircraft systems, one is forced to increase the activity 
level of the most expensive (incremental cost) data acquisition 
component. The impact of more stringent user cloud free coverage 
requirement will, of course, grow increasingly severe as the user 
timeliness requirement is tightened. Subsequent results quantify 
this effect. 
Federal statutory demand for land cover information 
constitutes only a segment of the national demand. State govern- 
I rents, regional:-and local governmental units, industrial and 
i 
I academic users will also contribute to the total demand. It is 
! 
i 
diftictxlt to project, quantitivcly, the scope and nature of the 
total national demand. Consequently, a parametric set of demand 
requirements were considered which focused on increasing Level I1 
information requirements for continental US and Alaska. The 
annual Level 11 coverage requirement was varied from two tires 
. . coverage within 180 days each to twelve times coverage within 
30 days f o r  each coverage. I n  addition t o  the varyingr the  f u l l  
US-Level 11 requirement, the parametric demand analys is  includes 
the other  information requirements* t h a t  were projected f o r  the 
1977 Federal agency demands ( A l l  Land Cover Users) under ex i s t ing  
Federal s t a tu tes .  
The r e s u l t s  of the parametric demand -- c o s t a n a l y s i s  
i s  shown i n  Table 1.5. For each demand l eve l ,  t o t a l  program 
cos ts  a re  compared fo r  the a l l  a i r c r a f t  system and the  lowest 
cos t  two o r  three t i e r  n w i t h *  s a t e l l i t e  system, T h i s  analyses 
! i s  based upon automatic data processing methods which pre- 
viously were shown t o  be economically preferred over manual 
methods. I t  i s  c lea r  from t h i s  tabZe t h a t  SRTS i s  cost-  
e f fec t ive  a t  an annual demand l eve l  of s ix  times coverage 
of the U . S .  with a  user t imeliness requirement of 60 days 
fo r  each such coverage. Note however t h a t  a  two s a t e l l i t e  
system i s  required i n  order t o  overcome cloud cover problems. 
Another in te res t ing  e f f e c t  concerning the impact of cloud 
cover is evident from Table 1.5. The more s t r ingen t  
cloud cover requirement (0-101) reduces the multiple 
s a t e l l i t e  system breakeven demand level .  Table 1.5 
shows tha t  a  two-sa te l l i te  system i s  cos t  e f f e c t i v e  a t  
0 s i x  times coverage of the U.S .  given a (0-308) cloud 
cover requirement, while fo r  the same demand l e v e l  a 
t h r e e - s a t e l l i t e  system i s  cos t  e f fec t ive  glnen a  (0-108) 


















































































































































































































































































































































































































































































































































































































































cloud cover requirement. As expected, the cost savings of 
the "with" satellite system over the aircraft only system 
increase substantially as the demand for Level I1 informa- 
tion increases beyond six times coverage of the U.S. 
Figure 1.4 displays the cost-capability frontier 
for the two user cloud free coverage requirements explored 
in this study. The cost-capability frontier is defined 
by the locus of the lowest program cost alternatives for 
varying capability levels. The full cost ERTS curve re- 
presents the cost-capability frontier under the assumption 
that the total program cost are borne entirely by a U.S. 
coverage mission. The incremental cost ERTS line represents 
the cost capability frontier under the assumption that the 
investment costs for a one satellite system would be in- 
curred in any event for a global coverage mission. 
Thus far, the analysis has identified the cost- 
effective mixture of satellites, high and low altitude air- 
craft and ground truth for satisfying various demand require- 
ments that may arise during the period of an operational 
Nationwide Land Cover Information System. The final phase 
of the analysis estimates the likely future demands for land 
cover information considering all potential users and the 
economic benefits that are likely to accrue to ERTS. 
Despite the uncertainties inherent in estimates of future 























































































































































































































that we believe will bracket the actual future nationwide 
damand for land cover information. Each demand projection 
includes all the projected information requirements of 
Federal agency users in 1977 except the full U.S., Level I1 
coverage. In addition, we have included Level I1 informa- 
tion requirements for the U.S. plus Alaska at annual fre- 
quencies varying from six times coverage within 6 0  days each 
during the period 1977-1993 to six times coverage within 
6 0  days over the period 1977-1980 and eight times cover- 
age within 45 days each over the period 1981-1993. 
The cost-effectiveness analysis for these pro- 
jected demand levels is based upon automatic data proces- 
sing methods which previously were shown to be economical- 
ly preferred over manui.1 methods. Table 1.6 displays the 
total program costs for the lowest cost "with1' and "with- 
outn satellite systems to satisfy these future demand 
levels given a user allowable cloud cover requirements 
of 0-30%. Also shown are the net present values (dis- 
counted cost savings) of the lowest cost "with" satellite 
system relative to the lowest cost "without" satellite 
system and the equivalent undiscounted annual cost savings 
of the "with" satellite system over the period 1977-1993. 
Table 1.7 provides corresponding results for an allowable 
cloud cover requirement of 0-10%. As indicated in thesu 
tables, the annual economic benefits (cost savings) of 





































































































































































































































































































































































































































































































































































































































System are projected to range from $7.9 to $17.0 million or 
from $21.0 to $37.1 million depending upon the user cloud 
cover requirement. The best point estimate of the annual 
cost savings that accrue to ERTS is probably defined by 
the middle of the projected range of cost savings, this 
being $23 million. 
1.6 -- Recommended Future Study Efforts 
This study has not attempted to answer all major questions 
that arise with respect to a nationwide land cover information 
system and/or the zole of ERTS in such a system. Indeed, there 
are several important limitations of this study which should be 
highlighted: 
a The treatment of the cloud-cover--data accuisition 
problem represents only a first cut analysis. A more in-depth 
study of the impact of cloud cover is warranted 
e Within the context of an ERTS type .at-llite, the 
satelli.2e system configuration analyzed in this report is 
an economically optimum one for satisfying both the U. S. and 
. . global coverage mission. A joint systems engineering and 
economic analysis of various eatellite configurations for 
accomplishing both missions should be undertaken. Parameters 
of the ERTS systema can be improved, at little added HDT & E 
cost, and with substantial reduction in total space system life 
cycle costs. These include the life time of spacecraft and 
instrumentation, reliability of space system and subsystems, 
onboard data processing - data relay systems - ground processing 
(real time), and space shuttle system impact on reducing launch 
cost (joint missions to polar orbits), subsystems costs and 
minor repair and refurbishment capabilities. All of tkase 
potentiallv important (and cost saving)aspects have not been 
considered here. 
o Satellites with greater technical capability than 
ERTS (higher spatial and spectral resolution) have not been 
considered in our analysis. Though we have postulated the use 
of an ERTS type satellite over the 1977-1993 time frame, we 
do not rule out the possibility of realizing further cost 
reduction by the introductioi of more sophisticated satellite 
system such as EOS in the 1980's. The economically preferred 
IOC date af an advanced satellite system should be investigatsd. 
2.0 CONCEPTUAL DESCRIPTION OF A FUTURE NATIONWIDE 
LAND COVER INFORMATION SYSTEM 
In Chapter 1 we have described the need for a centralized 
land cover information system. In this chapter, we discuss in 
overview form the an'icipated components, organization, and 
operation of such a system. Figure 2-1 kfeSentS a conceptual 
diagram of the flow of infornation through the system. At the 
outset, two points must be clearly understood, As indicated in 
Chapter I, we have not in this study undertaken a systems engin- 
eering analysis of a Nationwide Land Cover Information System. We 
have only sketched out our own rough concept of a national in- 
formation system for the 2arpose of identifying t h e  cost le- 
ments that are relevant to a cost effectiveness analysis of 
an EXTS type satellite as a major information acquisition com- 
ponent. It is likely that there will be a network of user 
service faciiities, organized perhaps on a regional basis which 
will distribute resource m:anagement data products from the core 
facility to the various users. The supporting network of user 
service centers have not been considered in this study since 
the investment and operations cost of any such network would be 
common to all the alternative data acquisition systems consid- 
ered her?. 
Table 2.1 lists the remote sensing platforms which 
acquire data for the national information system. The projected 
1977 capabilities of the several sensors for acquiring infor- 
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Chapter. The investment 2nd operating costs of the various 
sensors are discussed in Appendix 111 of this report. 
2.1 Functions of a Land Cover Information System 
The major functions of a Land Cover Information System 
are four: (1) Control and operation of the sensors, ( 2 )  
Acquisition of the sensor data, ( 3 )  Preprocessing and inter- 
pretation of the data, and (4) Dissemination and archiving of 
the resultant data products. 
2.1.1 Control and Operation 
The control and operation of the sensors consists of 
their scheduling and maintenance in a manner which optimizes 
the available coverage. In the case of the satellite system, 
this functioa consists of compiling the orbit parameters and 
time phasing of the satellites in a manner which would maximize 
the utility of the coverage. Once in orbit, however, the 
s a t e l l i t e  is  p a r t i c u l a r l y  i n s e n s i t i v e  t o  i s o l a t e d  u s e r  demands; 
a n d  t h e  c o n t r o l  r e s p o n d s  m a i n l y  t o  p r e e s t a b l i s h e d  p r i o r i t i e s  
s u c h  a s  t h e  m a i n t e n a n c e  o f  t h e  o v e r a l l  b e s t  t i m e  o f  d a y  ,or 
* 
c o v e r a g e .  I n  t h e  c a s e  o f  t h e  h i g h  a l t i t u d e  a i r c r a f t ,  t h e  con- 
t r o l  and  o p e r a t i o n  i s  a h i g h l y  i n t e r a c t i v e  p r o c e d u r e .  The a i r -  
c r a f t  must  r e s p o n d  n o t  o n l y  t o  t h e  u s e r  demand b u t  a l s o  t o  
t h e  e f f e c t s  o f  c l o u d  c o v e r .  The m a i n t e n a n c e  c f  t h e  a i r c r a f t  
a n d  t h e  a i r c r a f t  b a s s s  t o  p r o v i d e  f o r  h i g h  a i r c r a f t  a v a i l a b i l i t y  
i s  a  n e c e s s a r y  s u b f u n c t i o n .  I n  t h e  case o f  g r o u n d  t r u t h ,  which  
w e  h a v e  d e f i n e d  as  a  c o n b i n a t i o n  o f  low a l t i t u d e  a i r c r a f t  a n d  
g r o u n d  s u r v e y  t e a m s ,  t h i s  f u n c t i o n  c o r r e s p o n d s  t o  t h e  e s t a b -  
l i s h m e n t  a n d  deve lopment  o f  r e l a t i o n s  w i t h  s e v e r a l  c o m m e r c i a l  
f i r m s  c a p a b l e  o f  s a t i s f y i n g  d a t a  a n d  imagery  r e q u i r e m e n t s  w i t h  
a  v e r y  s h o r t  l e a d  t i m e .  Such a r e l a t i o n s h i p  i s  n e c e s s a r y  i n  
o r d e r  t o  p r o v i d e  t i m e l y  i n f o r m a t i o n  r e q u i r e d  by t h e  u s e r s .  
2.1.2 A c q u i s i t i o n  
With  t h e  c a p a b i l i t y  f o r  t h e  t i m e l y  c o v e r a g e  o f  t h e  u s e r  
r e q u i r e d  a r e a  w e l l  c o n t r o l l e d ,  t h e  s e c o n d  majo r '  f u n c t i o n  o f  
t h e  Land Cover I n f o r m a t i o n  Sys tem i s  t h e  c o l l e c t i o n  o f  t h e  
d a t a  f rom t h e  v a r i o u s  s e n s o r s  i n t o  a  c e n t r a l i z e d  l o c a t i o n .  The 
s a t e l l i t e  i n  o r b i t  w i l l  t r a n s m i t  d a t a  t o  two g r o u n d  r e c e i v i n g  
s t a t i o n s ,  o n e  i n  F a i r b a n k s ,  A l a s k a  a n d  t h e  main  r e c e i v i n g  and  
p r o c e s s i n g  s t a t i o n  i n  S i o u x  F a l l s ,  S o u t h  Dakota .  T h e s e  two 
s t a t i o n s  a l l o w  f o r  t h e  r e a l  t i m e  c o v e r a g e  o f  t h e  e n t i r e  con- 
t i n e n t a l  U . S . ,  and  g l o b a l  c o v e r a g e  i s  a l s o  p o s s i b l e  u s i n g  o n l y  
t h e  two g r o u n d  s t a t i o n s  by  t h e  t r a n s m i s s i o n  o f  t h e  on b o a r d  
*A h i g h  r e s o l u t i o n  p o i n t i n g  imagery  ( H R P I )  a s  p r o p o s e d  
f o r  an  EOS s a t e l l i t e  would  make t h e  s a t e l l i t e  e s p e c i a l l y  r e s p o n -  
s i v e  t o  t h e  i s o l a t e d  demands. 
recorded data during the nighttime passes of the satellite. 
The data transmitted to the Fairbanks station may be relayed 
by a direct, high quality phone or radio link to the station 
in Sioux Falls so that the delay involved in the mailing of 
the digital tapes does not hinder the timeliness of the in- 
formation. In any event, all satellite data will be collected 
onto digital tapes at the Sioux Falls processing center. 
In the automatic data processing mode high altitude 
aircraft will collect data by means of a multispectral scanner; 
this data will be in a digital form when the planes arrive 
back at their bases in Dayton, Denver, and Alaska. Agein, to 
save the time of mailing, acknowledging the utility of'the 
timeliness data, the aircraft tapes need not be mailed to Sioux 
Falls but instead transmitted by a means similar to the satel- 
lite data connection from Fairbanks. For the manual data 
processing mode, high altitude and low altitude aircraft photo- 
graphy will be used to acquire land cover data; the photo- 
graphs could be shipped in an expedient manner to Sioux Falls. 
If the time constraint on this data renders conventional 
shipment of data infeasible, then the data could be digitized 
by means of a photographic scanning device and transmitted to 
Sioux Falls. 
2.1.3 Preprocessing and Interpretation 
The third phase, the preprocessing and interpretation 
of the data, should be desiTned with sufficient flexibility 
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t o  m e e t  t h e  m a j o r i t v  o f  u s e r  s p e c i f i c  demands f o r  l a n d  
c o v e r  i n f o r m a t i o n .  T k i s  p r o c e s s  s h o u l d  r e c o g n i z e  t h e  d a t a  
n e e d s  a n d  f o r m a t s  w h i c h  a r e  common t o  many u s e r s  a n d  h a n d l e  
a l l  d a t a  t o  n e e t  t h o s e  n e e d s .  I n d i v i d u a l l y  t a i l o r e d ,  o n e - t i m e  
r e q u e s t s  s h o u l d  b e  f u l f i l l e d  t h r o u g h  s e p a r a t e  u s e r  s e r v i c e  f a c i l -  
i t i e s .  The  p r e p o c e s s i n g  s h o u l d  i n c l u d e  g e o m e t r i c  a n d  r a d i o -  
m e t r i c  c o r r e c t i o n s  o f  t h e  Z a t a  a n d  t h e  i n t e r p r e t a t i o n  s h o u l d  
i n c l u d e  t h e  c l a s s i f i c a t i o n  o f  t h e  d a t a  i n t o  l a n d  c o v e r  c a t e g o r -  
i e s  a t  an  a c c e p t a b l e  a c c u r a c y  (now c o n s i d e r e d  t o  b e  9 0 % ) .  A s  
t h i s  r e p o r t  c o n s i d e r s  t h e  cost  e f f e c t i v e n e s s  o f  s a t e l l i t e  
s y s t e m s  as  compared  t o  a i r c r a f t  s y s t e m s  a t  a n  e q u a l  c a p a b i l -  
i t y ,  n o  a t t e m p t  w i l l  b e  made t o  d e t a i l  t h e  e f f e c t s  of u s e r  
s p e c i f i c  p r o d u c t s ;  r a t h e r  w e  s h a l l  t r e a t  t h e  e q u a l  c a p a b i l i t y  
a s s u m p t i o n  as t h e  f u l f i l l m e n t  o f  t h e  . r e q u e s t s  f o r  t h e  s t a n d a r d i z e d  
d a t a  f o r m a t s .  T h e s e . s t a n d a r d  d a t a  p r o d u c t s  a re  b u l k  i m a g e r y ,  p r o -  
c e s s e d  ( c o r r e c t e d )  i m a g e r y ,  a n d  i n t e r p r e t e d  ( c l a s s i f i e d )  i m a g e r y .  
2 . 1 . 4  D i s s e m i n a t i o n  a n 2  A r c h i v i n g  
The f o u r t h  f u n c t i o n  o f  t h e  Land C o v e r  I n f o r m a t i o n  S y s t e m  
i s  t h e  d i s s e m i n a t i o n  a n d  a r c h i v i n g  o f  t h e  d a t a  p r o d u c t s .  The 
s y s t e m  mus t  r e c o g n i z e  t h e  f a c t  t h a t  u s e r s  w i l l  s e l d o m  be 
k n o w l e d g e a b l e  o f  t h e  e x a c t  s a t e l l i t e  image  o r  a i r c r a f t  f l i g h t  
l i n e  w h i c h  i s  of t h e  mos t  u t i l i t y  t o  t h e i r  r e s p e c t i v e  a p p l i c a t i o n .  
An a r c h i v i n g  s y s t e m  s h o u l d  b e  e s t a b l i s h e d  w h i c h  makes r e a d i l y  
a c c e s s i b l e  t h e  c h a r a c t e r i s t i c  a n r . o t a t i o n s  o n  e a c h  image .  The 
c h a r a c t e r i s t i c s  s h o u l d  i n c l u d e  g e n e r a l  s t a t i s t i c s :  t h e  s e n s o r ,  
l o n g i t u d e ,  l a t i t u d e ,  c l o u d  c o v e r ,  t i m e  o f  d a y ,  e t c .  a s  w e l l  a s  
u n i q u e  c h a r a c t e r i s t i c s  s u c h  a s  t h e  geomet r i e  a n d  r a d F o m e t r i c  
q u a l i t i e s ,  t h e  number o f  l a n d  c o v e r  c a t e g o r i e s ,  e t c .  A 
compute r  f i l e  o f  t h e s e  image a n n o t a t i o n s  s h o u l d  b e  m a i n t a i n e d  
which a l l o w s  t h e  u s e r  t o  i n p u t  a  s p e c i f i c  s e t  o f  p a r a m e t e r  
r e q u i r e m e n t s ,  a n d  a  compute r  s e a r c h  p rogram would o u t p u t  a  l i s t  
o f  t h e  a v a i l a b l e  images  which c o r r e s p o n d  t o  t h e  g i v e n  r e q u i r e -  
ments .  The f i l e  and t h e  s e a r c h  p rogram c o u l d  b e  s t o r e d  on a  
n a t i o n w i d e  computer  t i m e  s h a r i n g  s y s t e m  t o  a s s u r e  t h a t  t h e  
u s e r s  i n  a l l  r e g i o n s  h a v e  q u i c k  a c c e s s  t o  t h e  c a t a l o g u e .  I n  
a d d i t i o n ,  s p e c i a l  p r o c e s s i n g  c e n t e r s  s h o u l d  b e  e s t a b l i s h e d  
which would  f u l f i l l  t h e  i s o l a t e d  d a t a  r e q u z s t s .  These  c e n t e r s  
c o u l d  be d i v i d e d  by e i t h e r  r e g i o n  o r  d i s c i p l i n e  and  s h o u l d  
h a v e  t h e  c a p a b i l i t y  t o  s a t i s f y  a l l  o f  t h e  s p e c i f i c  u s e r . d a t a  
n e e d s .  
The s t o r a g e  o f  t h e  d i g i t a l  d a t a  s h o u l d  b e  on  h i g h  den- 
s i t y  d i g i t a l  t a p e s  (HDDT) w h e r e v e r  f e a s i b l e  s i n c e  a  compres-  
s i o n  r a t i o  o f  a t  l e a s t  4 : l  i s  p o s s i b l e ,  d e c r e a s i n g  t h e  p h y s i c a l  
s t o r a g e  r e q u i r e m e n t .  A r e l i a b l e  r e c o r d i n g  d e v i c e  s h o u l d  b e  
employed a s  t h e  a c c u r a c y  o f  t h e  p r o c e s s e d  d a t a  i s  o f  t h e  u t m o s t  
i m p o r t a n c e .  
2 . 2  Land Cover I n f o r m a t i o n  P r o d u c t s  
R e c o g n i z i n g  t h e  f a c t  t h a t  t h e  v a r i o u s  l a n d  i n f o r m a t i o n  
d i s c i p l i n e s  ( c a r t o g r a p h y ,  a g r i c u l t u r e ,  f o r e s t r y ,  e t c )  h a v e  
d i v e r s e  d a t a  r e q u i r e m e n t s ,  t h e  p r o d u c t s  coming o u t  of  S i o u x  
F a l l s ,  S .  D. s h o u l d  b e ,  w i t h i n  b r o a d  l i m i t s ,  i n d i v i d u a l l y  
t a i l o r e d  t o  t h e  s p e c i f i c  u s e r  demand. The u s e r s  w i l l  h a v e  
h i g h l y  v a r i a b l e  r e q u i r e m e n t s  upon s u c h  p a r a m e t e r s  a s  s c a l e ,  
p h o t o g r a p h i c  d e n s i t y ,  s p e c t r a l  b a n d s ,  or w h e t h e r  a p l ~ o t o g r a p h i c  
p r o d u c t  o r  a d i g i t a l  p r o d u c t  i s  more s u i t a b l e  t o  t h e i r  n e e d s .  
The o u t p u t  p r o d u c t s  a r e  d i v i d e d  i n t o  3 b a s i c  d a t a  modes: 
1. Image p r o d u c t s  
2 .  D i g i t a l  p r o d u c t s  
3. S t a t i s t i c a l  p r o d u c t s  
The m a j o r  p o r t i o n  o f  t h e  image p r o d u c t s  c o u l d  
b e  p r o d u c e d  by means o f  e i t h e r  a n  e l e c t r o n  beam r e c o r d e r  o r  a  
l a s e r  beam r e c o r d e r .  These  d e v i c e s ,  which  r e p r e s e n t  t h e  c u r r e n t  
s t a t e  o f  t h e  a r t  o f  h i g h  r e s o l u t i o n  f i l m  r e c o r d e r s ,  t r a n s f o r m  
d i g i t i z e d  d a t a  i n t o  c o l o r  image p r o d u c t s .  T h e s e  p r o d u c t s  
can  b e  p r o d u c e d  a t  any  s c a l e  from t h e  d i g i t a l  d a t a  by a d j u s t i n g  
t h e  p h y s i c a l  p r i n t i n g  s i z e  o f  a  p i x e l .  These  h i g h  r e s o l u t i o n  
f i l m  r e c o r d e r s  a r e  c a p a b l e  o f  r e p r o d u c i n g  e i t h e r  p o s i t i v e  o r  
n e g a t i v e  c o l o r  p r i n t s  o r  t r a n s p a r a n c i e s  a s  w e l l  a s  b l a c k  and  
w h i t e  p r i n t s  and t r a n s p a r e n c i e s .  R e c o g n i z i n g  t h e  d i v e r s e  n e e d s ,  
b u l k  i m a g e r y ,  c o r r e c t e d  i m a g e r y ,  c l a s s i f i e d  i m a g e r y ,  and t h e m a t i c  
maps w i l l  b e  a v a i l a b l e  t h r o u g h  t h i s  s y s t e m .  
The d i g i t a l  p r o d u c t s  w i l l  b e  a v a i l a b l e  i n  t h e  form o f  
e i t h e r  compute r  c o m p a t i b l e  t a p e s  o r  l i n e  p r i n t e r  maps. Both 
t h e  t a p e s  and  t h e  l i n e  p r i n t e r  maps c a n  c o n s i s t  o f  t h e  same 
d a t a  modes a s  t h e  p h o t o g r a p h i c  p r o d u c t s ,  t h a t  i s ,  t h e  b u l k  
i m a g e r y ,  t h e  c o r r e c t e d  i m a g e r y ,  t h e  c l a s s i f i e d  i m a g e r y ,  o r  
t h e  t h e m a t i c  i m a g e r y .  I n  t h i s  manne r ,  t h e  u s e r  h a s  t h e  
c a p a b i l i t y  t o  o r d e r  t h e  d i g i t a l l y  m a n i p u l a t e d  d a t a  i n  t h e  
p r e c i s e  fo rm w h i c h  i s  mos t  s u i t a b l e  t o  h i s  s p e c i f i c  a p p l i c a t i o n .  
The s t a t i s t i c a l  p r o d u c t s  a v a i l a b l e  s h o u l d  b e  i t e m s  s u c h  
as a c r e a g e  c o u n t s  a n d  p e r c e n t a g e s  o f  a g i v e n  a l e a  c o v e r e d  by  
a n y  g i v e n  l a n 2  c o v e r  c l a s s .  The a c r e a g e  c o u n t s  would  b e  u s e -  
ful i n  d e t e r m i n i n g  i t e m s  s u c h  as  c r o p  y i e l d  o r  a r e a  o f  w a t e r  
i n  a c e r t a i n  r e g i o n .  The p e r c e n t a g e s  would  g i v e  t h e  d i s t r i b u -  
t i o n  o f  v a r i o u s  l a n d  c o v e r  c a t e g o r i e s  w i t h i n  a g i v e n  area. 
2 . 3  T e c h n i c a l  A l t e r n a t i v e s  f o r  t h e  P r o c e s s i n g  o f  Land 
C o v e r  D a t a  
Of t h e  f o u r  p h a s e s  i n  t h e  c o n c e p t u a l  f r amework  o f  t h e  
Land C o v e r  I n f o r m a t i o n  S y s t e m ,  two a r e  h i g h l y  s e n s i t i v e  t o  
c h o i c e s  i n  t e c h n i c a l  a l t e r n a t i v e s  f o r  t h e  p r o c e s s i n g  o f  t h e  
l a n d  c o v e r  d a t a :  (1) t h e  p r e p r o c e s s i n g  a n d  i n t e r p r e t a t i o n  
a n d  ( 2 )  t h e  d i s s e m i n a t i o n  a n d  s t o r a g e .  I f  w e  a s sume  t h a t  t h e  
s t o r a g e  a n d  a r c h i v e  s y s t e n  w i l l  b e  s t r i c t l y  d i g i t i z e d ,  t h e n  
o n l y  t h e  p r e p r o c e s s i n g  a n d  i n t e r p r e t a t i o n  wou ld  b e  h i g h l y  
i m p a c t e d  by t e c h n o l o g y  c h o i c e s .  
2 .3 .1  C a p a b i l i t i e s  o f  Data P r o c e s s i n g  A l t e r n a t i v e s  
A m a j o r  c h o i c e  e n c o u n t e r e d  i n  t h e  e s t a b l i s h m e n t  of  
a  d a t a  p r o c e s s i n g  s y s t e m  i s  w h e t h e r  t o  employ manual  ' 
p h o t o g r a p h i c  t e c h n i q u e s  o r  a u t o m a t e d  d i g i t a l  t e c h n i q ~ e s  i n  
p r e p r o c e s s i n g  and  i n t e r p r e t a t i o n  o f  t h e  d a t a .  The c a p a -  
b i l i t i e s  o f  t h e  two s y s t e m s  v a r y  s i g n i f i c a n t l y  i n  t h e i r  a b i l i t y  
t o  d i s c e r n  l e v e l s  o f  d e t a i l  i n  l a n d  c o v e r  i n f o r m a t i o n .  Using 
s t r i c t l y  E R T S  m u l t i s p e c t r a l  i m a g e r y ,  b o t h  h a v e  d e m o n s t r a t e d  
t h e  c a p a b i l i t y  t o  i n t e r p r e t  t h e  d a t a  f o r  L e v e l  I a t  1 :5001000  
o f  t h e  U S G S  C i r c u l a r  6 7 1  scheme. The manual  t e c h n i q u e s  have  
d i s t i n g u i s h e d  s e l e c t e d  L e v e l  I1 c a t e g o r i e s  f rom E R T S  imagery  
* 
b u t  n o t  t o  t h e  o v e r a l l  c o n s i s t a n c y  r e q u i r e d .  Automated c l a s s i f i -  
c a t i o n  t e c h n i q u e s  on ERTS imagery  h a v e  d e m o n s t r a t e d  t h e  c a p a b i l i t y  
t o  c o n s i s t a n t l y  e x t r a c t  a l l  t h e  L e v e l  I1 i n f o r m a t i o n  a t  1 :125 ,000**  
e x c e p t  f o r  t h e  u r b a n  c a t e g o r y .  The p r o b l e m s  e n c o u n t e r e d  i n  t h i s  
c a t e g o r y  a r e  l a r g e l y  d u e  t o  t h e  c l a s s i f i c a t i o n  scheme apd n o t  t o  
e i t h e r  p r o c e s s i n g  t e ~ h n i q u e .  A t  a n y  s c a l e ,  l a r g e  f l a t  t o p  b u i l d -  
i n g s  w i t h  p a r k i n g  l o t s  and main a c c e s s  r o a d s  c o u l d  he a s s o c i a t e d  
e i t h e r  w i t h  a n  i n d u s t r i a l  p a r k  o r  a  c o m m e r c i a l  a r e a ;  a n d  w i t h o u t  
a  p r i o r  knowledge o f  t h e  a r e a ,  t h e  d i s t i n c t i o n  i s  n e a r l y  i m p o s s i b l e .  
* See r e f e r e n c e s  1 , 6 , 8  a n d  9  on  p a g e  111-19.  
* *  S e e  r e f e r e n c e s  1 0 , 1 3 , 1 4 , 1 5 , 1 7  on  p a g e  111-20.  
U s i n g  a i r c r a f t  r n u l t i s p e c t r a l  s c a n n e r  d a t a ,  manual  
t e c h n i q u e s  h a v e  d e m o n s t r a t e d  t h e  c a p a b i l i t y  t o  e x t r a c t  
L e v e l s  I a n d  I1 i n f o r m a t i o n  w h i l e  a u t o m a t e d  t e c h n i q u e s  c a n  
d i s c e r n  L e v e l s  I ,  11, a n d  111. The g r o u n d  t r u t h  d a t a ,  by  
a s s u m p t i o n ,  w ! l l  b e  m a n u a l l y  i n t e r p r e t e d  t o  e x t r a c t  e a c h  o f  
t h e  t h r e e  l e v e l s  o f  i n f o r m a t i o n .  T h e s e  c a p a b i l i t i e s  are  summar ized  
i n  T a b l e  2 . 2 .  
2 . 3 . 2  P r o b l e m s  i n  C l a s s i f i c i a t i o n  
A s  p r e v i o u s l y  m e n t i o n e d ,  a m a j o r  d i f f i c u l t y  e n c o u n t e r e d  
i n  t h e  c l a s s i f i c a t i o n  o f  r e m o t e  s e n s o r  i m a g e r y  i s  t h e  s t r i c t  
c o m p a t i b i l i t y  o f  t h e  c a t e g o r i e s  t o  t h e  a v a i l a b l e  i n f o r m a t i o n .  
The U S G S  C i r c u l a r  6 7 1  a t t e m p t e d  t o  d e f i n e  a  c l ~ s s i f i c a t i o n  
scheme c o m p a t i b l e  t o  r e m o t e l y  s e n s e d  d a t a  g i v e n  i n  Table 2.3. 
t . 
Table 2.2 Projected Sensot Capabilities 
For A~quiring Information At 
Various Levels of.Detai1 
L 
Manual Processing 
ERTS HA GT 
Level. I 4 4 J 
Level I1 4 / 
~ e v a l  1x1 i 
,. 
I 
Automatic (Computer) Processing 
ERTS. HA GT 
Level I 4 4 4 
~ e v e l  If 4 4 4 
~ e v a l  III 4 J 
, - 
Che c a t e g o r y  w h i c h  h a s  p r e s e n t e d  t h e  mos t  cot s i s t c n t  d i f f i -  >d 
I 
c u l t i e s  t o  r e m o t e l y  s e n s e d  d a t a  i s  t h e  USGS d e s i g n a t e d  L e v e l  I 
a n d  11 Urban c a t e g o r y .  I n  p a r t i c u l a r ,  t h e  m a j o r  p o i n t  o f  
d i f f i c u l t y  i s  t h e  r e c o g n i t i o n  o f  t h e  s p e c i f i  c  c a t e g o r i e s  o f  
1 i 
i n d u s t r i a l ,  c o m m e r c i a l ,  a n d  s e r v i c e s .  The  d i f f e r e n c e s  1 :: 
b e t w e e n  t h e s e  p h y s i c a l  p l a n t s  a r e  i n  g e n e r a l  v i r t u a l l y ,  a n d  
v i s u a l l y ,  i n d i s t i n g u i s h a b l e .  The c u r r e n t  me thod  f o r  t h e  
d i s c r i m i n a t i o n  o f  t h e s e  c a t e g o r i e s  i s  t h e  a s s o c i a t i o n  o f  
o b j e c t s  s u r r o u n d i n g  t h e  p o i n t  i n  q u e s t i o n .  T h u s ,  a  c o m m e r c i a l  
a r e a  i s  i d e n t i f i e d  n o t  o n l y  b y  t h e  l a r g e  f l a t  a s p h a l t  r o o f s  
o f  t h e  b u i l d i n g s  b u t  a l s o  b y  p a r k i n g  l o t s  a n d  main  a c c e s s  
-* 7 
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S a t e l l i t e  
S a t e l l i t e  and high a l t i t u d e  
Medium a l t i t u d e ,  topographic 
maps, s n b s t a n t i a l  supplemental 
Scale  
1:1,00O,OOC - 1:250,000' 
1:250,000 - 1:50,000 
1:50,000 - 1:15,000 
information 
Low a l t i t u d e ,  marnly supplemental 
information rn -- 1 : 15,000 - 1 : 1 
Source: Adopted from U.S.G.S.  c i r c u l a r  671 
I 
r o a d s .  U n f o r t u n a t e l y ,  i n d u s t r i a l  p a r k s  h a v e  t h e  e x a c t  same 
c h a r a c t e r i s t i c s  as do  c e r t a i n  s e r v i c e  i n s t a l l a t i o n s ;  air- a l l  
c l a s s i f i c i a t i o n  t e c h n i q u e s  a r e  d e s t i n e d  t o  f a i l u r e  w i t h o u k  
g r o u n d  c o n f i r m a t i o n .  
2 . 3 . 3  P r e p r o c e s s i n g  
The p r e p r o c e s s i n g  s t a g e ,  wh ich  c o n s i s t s  o f  r e f i n i n g  t h e  
g e o m e t r i c  a n d  r a d i o m e t r i c  q u a l i t i e s  o f  t h e  i m a g e r y ,  a s s u r e s  
t h a t  t h e  i m a g e s  a r e  g e o n e t r i c a l l y  f i t t e d  as n e a r  a s  p o s s i b l e  
t o  t h e i r  a c t u a l  c a r t o g r a p h i c  l o c a t i o n s  a n d  t h a t  t h e  d e n s i t y  o f  
t h o  image is r e n d e r e d  c o n s i s t e n t .  I n  m a n u a l  t e c h n i q u e s ,  t h e s e  
c o r r e c t i o n s  a re  c o m p l e t e d  b u t  w i t h  a  s i g n i f i c a n t  103s of t h e  
r e s o l u t i o n  o f  t h e  f i r s t  g e n e r a t i o n  i m a g e r y ;  t h e  l a r g e s t  e 
s c a l e  t h a t  w i l l  comply  w i t h  N a t i o n a l  Map A c c u r a c y  S t a n d a r d s  
u s i n g  manua l  techniq9.1es i s  1 : 5 0 0 , 0 0 0  - i : 2 5 0 , 0 0 0 .  U s i n g  
d i g i t a l  t e c h n i q u e s ,  a  p r o g r a m  w a s  c r e a t e d  w h i c h  g e o m e t r i c a l l y ,  
s u f f i c i e n t l y  c o r r e c t s  ERTS i m a g e r y  i n  o r d e r  t o  c o r r e s p o n d  t o  
N a t i o n a l  Map A c c u r a c y  S t a n d a r d s  a t  a  s c a l e  o f  1:25C!,500 - 
1 : 1 2 5 , 0 0 0 .  T h e s e  manual  a n d  a u t o m a t i c  a c c u r a c i e s  c o r r e s p o n d  
t o  a n  a v e r a g e  r m s  e r r o r  o f  1 1 5  a n d  60.6 meters, r e s p e c t i v e l y .  
The c a p a b i l i t y  t o  d i g i t a l l y  y h o t o m o s i a c  h a s  r e c e n t l y  a l s o  b e e n  
i m p r e s s i v e l y  d e m o n s t r a t e d  by t h e  I n t e r n a t i o n a l  B u s i n e s s  M a c h i n e s  
C o r p o r a t i o n  i n  a  p r o j e c t  f u n d e d  by t h e  Bureau  o f  Land Hanage- 
ment i t h e r e  t h e y  d i g i t a l l y  merged e i g h t  ERTS f r a m e s  f rom s u c c e s s -  
i v e  two d a y s  i n t o  o n e  l a r g e  ( 4  x 2 )  image.  B o t h  t h e  g e o m e t r i c  
and r a d i o m e t r i c  c h a r a c t e r i s t i c s  o f  t h e  images  a re  c o m p a r a b l e  
t o  t h o s e  o f  a s i n g l e  f r a m e ,  
. . 
The m a j o r  s o u r c e  o f  t h e  d i f f e r e n c e  b e t w e e n  t h e  s y s t e m s  
i n  t h e  maximum l o c a t i o n a l  a c c u r a c y  i s  t h a t  t h e  manual  correc- 
t i o n s  are a o n e  t h r o u g h  p h o t o g r a p h i c  f i t t i n g  t e c h n i q u e s  d u r i n g  
which t h e  imagery  becomes v e r y  d i s t o r t e d  a t  t h e  e x t r e m e  l a r g e  
s c a l e s .  D i g i t a l  t e c h n i q u e s ,  on  t h e  o t h e r  h a n d ,  employ a  
p r o c e d u r e  which  examines  t h e  i n d i v i d u a l  p i x e l s  a n d  f i t s  them 
t o  t h e i r  most  l i k e l y  p o s i t i o n a l  l o c a t i o n  i n  a manner  t o  min imize  
t k e  o v e r a l l  l o c a t i o n a l  r m s  e r r o r .  
2.3..4 I n t e r p r e t a t i o n  
The i n t e r p r e t a t i o n  p h a s e  o f  d a t a  p r o c e s s i n g  s h o u l d  b e  
c a r r i e d  o u t  by  a  s p e c i a l  p u r p o s e  c o m p u t e r  which  i s  d e s i g n e d  
s o l e l y  t o  p r o c e s s  t h e  l a n d  c o v e r  i n f o r m a t i o n  s i n c e  a t  l e a s t  
an o r d e r  o f  m a g n i t u d e  d e c r e a s e  i n  compute r  t i m e  s h o u l d  be 
p o s s i b l e  o v e r  t h e  o t h e r  a l t e r n a t i v e  s y s t e m s .  T h i s  t e c h n o l o g y  
c o r r e ~ p o n d s  t o  t h e  e x p e r i m e n t a l  M I D A S  s y s t e m  c u r r e - t l y  i n  
t e s t i n g  b y  t h e  E n v i r o n m e n t a l  R e s e a r c h  I n s t i t u t e  o f  Mich igan  
which u s e s  a p a r a l l e l  p r o c e s s i n g  compute r .  ( O t h e r  e s t a b l i s h e d  
methods are the table look-up approach and the maximum likeli- 
hood classifier.) These three alternative classifiers have 
sufficiently demonstrated* that they will be cost effective over 
the manual techniques when operaticnal demand is considered. 
The accuracy and reproducibility of results in the automatic 
mode are also superior to the manual mode. 
The approximate order of magnitude of the speed in the 
alternative processing procedures in the M I D A S  system, table 
lookup, and the maximum likelihood is 1:20:300 times the pro- 
cessing time. All of these techniques employ a supervised 
classification scheme. It is highly likely that in the future 
development of the state of the art that an unsupervised (cluster- 
ing) nethod of classifying land cover information will be 
sufficiently developed to replace the supervised techniques. The 
tradeoff is that the unsupervised techniques require more computer 
time but less man hours to process an image, but present day 
experience with unsuperviscd classifiers does not warrant their 
immediate preferability to the supervised techniques. 
The major portion of errors in the automated tech- 
niques arises in the htaman supervision stage which is the 
definit_on of training samples. If the supervision is not 
* See references 10,14,15,16,17 
a c c u r a t e ,  t h e n  t h e  a l g o r i t h m s  c a n n o t  be  a c c u r a t e  i n  t h e i r  
c l a s s i f i c a t i o n s .  F u r t h e r m o r e ,  f o r  a n  e s t a b l i s h e d  a u t o m a t i c  
t e c h n i q u e ,  poor c l a s s i f i c a t i o n  a c c u r a c y  s t a t i s t i c s  c a n  u s u a l l y  
be t r a c e d  t o  t h e  human d e f i n i t i o n  o f  t r a i n i n g  s a m p l e s  ( i . e .  
t h e  c h a r a c t e r i s t i c s  w h i c h  d e f i n e  t h e  s p e c t r a l l y  homogeneous 
g r o u p ) .  U n s u p e r v i s e d  t e c h n i q u e s  s h o u l d  h e l p  t o  a l l e v i a t e  t h e s e  
e r r o r s  by g r o u p i n g  s t r i c t l y  b y  s p e c t r a l  h o m o g e n e i t y  a n d  l e a v i n g  
o n l y  t h e  d e f i n i t i o n  o f  t h e s e  homogeneous  r e g i o n s  t o  t h e  
i n t e r p r e t e r .  
3. DEMAND FOR LAND COVER INFORMATION 
3 .1  C h a r a c t e r i s t i c s  o f  Land C o v e r  I n f o r m a t i o n  Demand 
The a n a l y s i s  o f  t h e  demand f o r  r e m o t e l y  s e n s e d  l a n d  . 
c o v e r  i n f o r m a t i o n  f o c u s e s  o n  f o u r  m a j o r  c h a r a c t e r i s t i c s  o f  u s e r  
demand: a r e a  o f  t a r g e t ,  t i m e l i n e s s  o f  i n f o r m a t i o n ,  f r e q u e n c y  
o f  u p d a t e ,  a n d  l e v e l  o f  i n f o r m a t i o n  d e t a i l .  The t a r g e t  a r e a  
r e f e r s  t o  t h e  p e r c e n t a g e  o f  t h e  U n i t e d  S ta te s  t h a t  m u s t  be 
c o v e r e d  t o  s a t i s f y  a  s p e c i f i c  demand r e q u i r e m e n t .  Though a c t u a l  
u s e r  des i red  t a r g e t s  v a r y  c o n t i n u o u s l y  f r o m  s m a l l  r e g i o n s  i n  t h e  
U n i t e d  S t a t e s  t o  t h e  f u l l  U n i t e d  S t a t e s ,  t h i s  a n a l y s i s  c l a s s i f i e s  
u s e r  demand i n t o  o n e  o f  f o u r  a r e a  r e q u i r e m e n t  c a t e g o r i e s :  1 0 0 3 ,  
1 0 3 ,  13 o r  .13 o f  t h e  U n i t e d  S t a t e s .  T i m e l i n e s s  o f  i n f o r m a t i o n  
( a l s o  ca l l ed  t h e  u s e r  t i m e  window) r e f e r s  t o  t h e  maximum a l l o w a b l e  
e l a p s e d  t i m e  ( i n  d a y s )  d u r i n g  w h i c h  t h e  a c q u i s i t i o n  o f - d e s i r e d  
l a n d  c o v e r  i n f o r m a t i o n  mus t  be c o m p l e t e d  i n  o r d e r  t o  s a t i s f y  t h e  u s e r .  
T h i s  i m p o r t a n t  c h a r a c t e r i s t i c  v a r i e s  f r o m  o n c e  e v e r y  f i v e  y e a r s  
t o  w e e k l y .  The f r e q u e n c y  o f  c o v e r a g e  r e f e r s  t o  t h e  number  o f  
t i m e s  t h a t  t a r g e t s  o f  a g i v e n  s i z e ,  t i m e l i n e s s  r e q u i r e m e n t ,  
a n d  l e v e l  o f  d e t a i l  are  t o  b e  c o v e r e d  d u r i n g  o n e  y e a r .  No te  t h a t  
t h e  f r e q u e n c y  o f  c o v e r a g e  is a  c o m p o s i t e  o f  u s e r s  who w a n t  r e p e a t e d  
c o v e r a g e  o f  a  g i v e n  t a r g e t  a r e a  a s  w e l l  a s  u s e r s  who w a n t  one -  
t i m e  c o v e r a g e  o f  t a r g e t s  o f  a  g i v e n  s i z e  w h i c h  are g e o g r a p h i c a l l y  
o r  t e m p o r a l l y  d i s t i n c t .  The l e v e l  o f  i n f o r m a t i o n  d e t a i l  r e f l e c t s  
t h e  s c a l e  r e q u i r e d  w h i c h ,  i n  t u r n ,  i s  d e t e r m i n e d  b y  t h e  amount  
o f  i n f o r m a t i o n  n e e d e d  t o  f u l f i l l  t h e  u s e r  r e q u i r e m e n t .  T h i s  
c h a r a c t e r i s t i c  o f  demand i s  complex ;  it r e q u i r e s  f u r t h e r  d i s c u s s i o n .  
F o r  t h e  p u r p o s e  o f  t h i s  s t u d y  t h e  l e v e l  o f  d e t a i l  i s  
d e f i n e d  as t h e  t y p e  o f  l a n d  c o v e r  i n f o r m a t i o n  t h a t  c a n  b e  o b t a i n e d  
f rom r e m o t e l y  s e n s e d  d a t a  a t  s e v e r a l  f i x e d  map s. . . i l e s .  The 
i n f o r m a t i o n  may b e  o b t a i n e d  f rom e i t h e r  a e r i a l  p h o t o g r a p h y  o r  
r e m o t e l y  s e n s e d  d i g i t a l  d a t a .  The  t h r e e  l e v e l s  o f  i n f o r m a t i o n  
d e t a i l  ( I ,  I1 a n d  1 1 1 )  c o r r e s p o n d  t o  t h e  map s c a l e s  o f  
1 : 5 3 0 , 0 0 0 ,  1 : 1 2 5 , 0 0 0  a n d  1 : 2 4 , 0 0 0 .  Land c o v e r  as d e f i n e d  i n  
t h i s  s t u d y  i n c l u d e s  a  b r o a d  r a n g e  o f  e a r t h  r e s o u r c e  f i e l d s ,  
e a c h  w z t h  i t s  own u n i q u e  c l a s s i f i c a t i o n  scheme.  T a b l e  3 .1  
l i s t s  t h e  v a r i o u s  l a n d  c o v e r  c a t e g o r i e s  t h a t  a p p l y  t o  t h e  
r e q u i r e m e n t s  of t h e  F e d e r a l  s t a t u t o r y  demands.  The  l e v e l  o f  
d e t a i l  a s s i g n e d  t o  t h e s e  c a t e g o r i e s  r e f l e c t s  t h e  e s t i m a t e d  
sca le  n e e d e d  t o  o b t a i n  t h a t  i n f o r m a t i o n .  Of g r e a t e s t  i m p o r t a n c r  
a r e  t h e  l a n d  u s e  i n v e n t o r y  c a t e g o r i e s  L e v e l s  I a n d  11, t h e s e  
categories c o r r e s p o n d  t o  t h e  L e v e l s  I a n d  I1 o f  t h e  U.S.G.S. 
C i r c u l a r  6 7 1  l a n d  u s e  c l a s s i f i c a t i o n  scheme.  F o r  l a n d  c o v e r  
i n f o r m a t i o n  t o  b e  o f  v a l u e ,  t h e  U.S.G.S- C i r c u l a r  6 7 1  recommends 
a n  i n t e r p r e t a t i o n  a c c u r a c y  l e v e l  o r  9 0 % .  I n  t h i s  s t u d y  t h i s  
minimum a c c u r a c y  r e q u i r e m e n t  i s  i m p o s e d  o n  a l l  t h r e e  s e n s o r s  
ERTS, h i g h  a n d  low a l t i t u d e  a i r c r a f t .  A s  d i s c u s s e d  i n  C h a p t e r  
2 ,  t h e  c a p a b i l i t i e s  o f  ERTS, h i g h  a l t i t u d e  a i r c r a f t  a s d  g r o u n d  
t r u t h  ( l o w  a l t i t u d e  a i r c r a f t  w i t h  g r o u n d ' f o l l o w  u p  t e a m s )  t o  
a c q u i r e  i n f o r m a t i o n  a t  v a r i o u s  l e v e l s  o f  d e t a i l  d e p e n d  upon t h e  
i n t e r p r e t a t i o n  t e c h n i q u e  t h a t  i s  u t i l i z e d .  
(LAND USE INVENTORY) 
Urban and Built-up Land 
Residential 
Single family (high density) 
Single family (low density) 
Multiple fa-aily (low density) 
Multiple family (high density) 
Colmncrical and Services (Including In s t i t u t i ona l )  
Type of Services 


























Type of Industry 
Extractive (Excluding s t r i p  mining, quarries, and 
gravel p i t s ,  etc.) 
Transportatior?, Communications, and U t i l i t i e s  
nixed (Including S t r ip  and Clustered S e t t l e w n t )  
Opan and Other 
Agricultural Land 
Cropland and Pasture 
a. Crop 'WW 
Orchards, Grows, Vineyards, and Ornamental 
Horticultural Areas 
a. mop 'Pype 




a. Vegetation Community 




a. Vegetation Comcnity 












Bays and Estuaries 
Other 
- --- 
Permanett Sny, Icefields, and Glaciers 
Barren Land 
Salt Flats 
Beaches (Including Mudf lats) 
Sandy Areas Other than Beaches 
Eare Exposed Rmk 






















a. ore ~ y p c  
b. Ore Quality (Economic Significance) 
Platryinr 






































Table 3.1 Land Cover Categories Related to 
































b. Suspended Materials 












Permanence (Perrenial , Seasonal, Ephemeral) 
Discharge (3 Categories) 
5 Categories 
a. 7 Categories 
Flood Potential (3 Categories) 
Erosion Potential (3 Categories) 
Sediment Transport (3 Categories) 
(SLOPE) 
3 Categories 
5 Categories ' 
a. 7 Categories 
(GEOGRAP~C ASPECT) - . 
N o  Level I 
4 categories 
a. 8 Categories 
S p e c i f i c  Form (Area ~ e p e n d e n t )  
High Table Lands 
Mountains 






























~ c r d r i t i c  
Rectangular 
Radia l  
AMular  
I r r e g u l a r  
(VEGETATION TYPE) 
F o r e s t  




Dese r t  
Agr i cu l tu re  
(COASTAL ZONE WATER FEATURES) 
Bays 
C i r c u l a t i o n  P a t t e r n  
Emhion Deposit ion 
Volume of Runoff 
Wind E f f e c t s  
T idd l  E f f e c t s  
Upwellings 
E s t u a r i e s  
C i r c u l a t i o n  P a t t e r n  
Erosion Deposit ion 
Volme o f  Runoff 
Wind E f f e c t s  
T i d a l  E f f e c t s  
Upwellings 
Sa l tua t e r /F resh  Water Del ineat ion  
Circulation Pattern 
Erosion Dcpos i t i o n  
Voluma o f  Runoff 
Wind Effects  
Tidal Effects  
Extracted from Earth S a t e l l i t e  Corporation, Interim Report - Analysis of 
. 
Costs and Benefits from U s e  of EKS Data i n  State Land Use Planning, Study 
for the U.S. Department o f  Interiors ,  GeologicA Survey, May 1974. 
3.2 F e d e r a l  S t a t u t o r y  Demand F o r  Land Cover  I n f o r m a t d o n  
F e d e r a l  s t a t u t o r y  demand f o r  r e m o t e l y  s e n s e d  l a n d  c o v e r  
i n f o r m a t i o n i s  d e s c r i b e d  i n  d e t a i l  i n  S e c t i o n s  A a n d  B o f  
Append ix  11. T h i s  i n f o r m a t i o n  has b e e n  c o n d e n s e d  i n t o  f o u r  
demand m a t r i c e s  r e p r e s e n t i n g  t h e  number  o f  u n i t s  o f  demand 
c r a a t e d  by t h e  " l a n d  u s e  p l a n n i n g  community o n l y "  a n d ,  
s e p a r a t e l y ,  " a l l  l a n d  c o v e r  u s e r s 1 '  f o r  b o t h  t h e  1974  a n d  1 9 7 7  
t i m e  p e r i o d s .  The f o u r  demand m a t r i c e s  u s e d  f o r  t h e  a n a l y s i s  
o f  f e d e r a l  s t a t u t o r y  demand f o r  l a n d  . c o v e r  i n f o r m a t i o n  a r e  
p r e s e n t e d  i n  T a b l e s  3 . 2  t h r o u g h  3.5. 
The m a t r i c e s  r e f l e c t  t h e  i n f o r m a t i o n  demands a s s o c i a t e d  
w i t h  s p e c i f i c  F e d e r a l  s t a t u t o r y  r e q u i r e m e n t s  a n d  i n f o r m a t i o n  
c o l l e c t i o n  p r o g r a m s  p r e s e n t l y  i n  o p e r a t i o n  w i t h i n  t h e  F e d e r a l  
9 
Table 3.2 Federal Statutory Demand for   ati ion wide ~ s n d  Cover 
Information (Frequency of Coverage) by Land Area and 
Level of Classification 
Land Use Planning Community Onlv - 1974 






- ~ c & n d :  The numbers 
t h e  i n d i c a t e d  a n n u a l  f r e q u e n c y  of  cove rage .  Overlap- 
p i n g  demand r e q u i r e m e n t s  o f  F e d e r a l  u s e r s  have b e e n  
o m i t t e d .  (See  d i s c u s s i o n  o f  p r imary  and s e c o n d a r y  
u s e r s  on page  3'15.) The numbers i n  t h e  uppe r  p o r t i o n  
o f  e a c h  c e l l  r e p r e s e n t s  i n d i c a t e d  u s e r  t i m e l i n e s s  
r e q u i r e m e n t s .  
Note: CUS r e f e r s  t o  C o n t i n e n t a l  U n i t e d  S t a t e s  
Area Mapped and Classified 
CUS & Alaska 1/10 CUS 
I I I 
.-----.- - t - - None ident i f ied  " 'k " " - ' 
I I 1 
1/100 CUS 1/1000 CUS 
None 

















Lave1 of Classif icat ion Detail 
Level I1 
Level I11 
Legendt The numbers i n  t h e  l o w e r  p o r t i o n  o f  e a c h  c e l l  r e p z e a e n t  
t h e  i n d i c a t e d  a n n u a l  f r equency  o f  c o v e r a g e .  Ove r l ap -  
p i n g  demand r e q u i r e m e n t s  o f  F e d e r a l  u s e r s  have  b e e n  
o m i t t e d .  (See  d i s c u s s i o n  o f  p r i m a r y  a n d  s e c o n d a r y  
u s e r =  on  page  3'15). The numbers i n  t h e  u p p e r  p o r t i o n  
o f  e a c h  c e l l  r e p r e s p n t r  i n d i c a t e d  u s e r  t i m e l i n e s s  
r e q u i ~ e m e n t s .  










,. . -  
I 
I 







Table 3.4 Federal S t a t ~ t o r y  Demend fo r  Natior,tiide Lancl Cover 
Information (Frequency of Coverage) by Land Area and 
Level of Classification Detail 
r ~ a n d  Use Planning Community Only - 1977 
Level of 







Legend:The numbers i n  t h e  l ower  p o r t i o n  o f  e a c h  c e l l  r e p r e s e n t  
t h e  i n d i c a t e d  a n n u a l  f r e q u e n c y  o f  c o v e r a g e .  Cve r l ap -  
p i n g  demand r e q u i r e m e n t s  o f  F e d e r a l  u s e r s  have  been  
o m i t t e d .  (See  d i s c u s s i o n  o f  p r imary  and  s e c o n d a r y  u s e r s  
on  page  3-15) .  The numbers i n  t h e  uppe r  p o r t i o n  o f  
e a c h  c e l l  r e p r e s e n t s  i n d i c a t e d  u s e r  t i m e l i n e s s  r e q u i r e -  
ments .  
Note: CUS r e f e r s  t o  C o n t i n e n t a l  Un i t ed  S t a t e s  
Area :lapped and Classified 
LJS 6 Alaska 1/100 CUS 1/10 CUS 1/1000 CUS 
I 8 t a I 


























Table 3.5 Federal Statutory Lhmw? fo r  Nationwide Land Cover 
Information (Erequency of Cowrage) by Land Area and 
Level of Classif icat ion Detail  








Legend: The numbers i n  t h e  l ower  p o r t i o n  o f  each c e l l  r e p r e s e n t  
t h e  i n d i c a t e d  a n n u a l  f r e q u e n c y  o f  c o v e r a g e .  Ove r l ap -  
p i n g  demand r e q u i r e m e n t s  o f  F e d e r a l  u s e r s  h a v e  been  
o m i t t e d .  (See  d i s c u s s i o n  o f  p r i m a r y  and s e c o n d a r y  
u s e r s  on  page  3-15]. The numbers i n  t h e  uppe r  p o r t i o n  
of e a z h  c e l l  r e p r e s e n t s  i n d i c a t e d  u s e r  t i m e l i n e s s  
r e q u i r e m e n t s  . 
Note: CUS r e f e r s  t o  C o n t i n e n t a l  u n i t e d  S t a t e s  
Area E?apped and Classif ied 
l / l O O O  N)S 1/100 CUS CUS & Alaska 1/10 CtE 
I I I 
-- .- ------+-.. -- None. ident i f ied  "L-' 



















gove rnmen t .  The  1 9 7 4  " l a n d  u s e  community o n l y u  demand m a t r i x  
s p e c i f i e s  t h e  number o f  demand u n i t s  n e e d e d  t o  f u l f i l l  t h e  
r e q u i r e m e n t s  o f  t h e  F e d e r a l  u s e r s  whose  e x i s t i n g  p r o g r a m s  are 
u s e d  p r i n c i p a l l y  for l a n d  u s e  p l a n n i n g  p u r p o s e s -  The  l o n g  t i m e -  
l i n e s s  r e q u i r e m e n t s  a n d  t h e  low amount  o f  deranc! i n  l e v e l  I11 
r e f l e c t s  a l i m i t e d  number o f  p r o g r a m s  w i t h  b r o a d ,  e a s i l y  sa t is-  
f i e d  r e q u i r e m e n t s .  The 1 9 7 4  demand m a t r i x  for  " a l l  l a n d  c o v e r  
u s e r s n  s p e c i f i e s  t h e  number o f  demand u n i t s  c r e a t e d  when t h e  
r e q u i r e m e n t s  o f  t h e  b r o a d  l a n d  c o v e r  management  u s e r s  are  combined  
w i t h  t h o s e  o f  t h e  l a n d  u s e  p l a n n i n g  community o n l y .  The l a r g e  
i n c r e a s e  i n  demand i n  t h e  s m a l l  a r e a  c a t e g o r i e s  (1". a n d  - 1 % )  re- 
f l e c t s  a  l a r g e  number o f  s p e c i f i c  p r o j e c t s  c o v e r i n g  a s m a l l ,  u n i q u e  
a r e a  t h a t  a re  n e e d e d  t o d a y  t o  f u l f i l l  t h e  l a n d  c o v e r  management  
i n f o r m a t i o n  demands.  The demand a n a l y s i s  f o r  t h e  1 9 7 7  l a n d  
u s e  p l a n n i n g  community t i m e  f r a m e  i n d i c a t e s  a s i g n i f i c a n t  
s h i f t  i n  b o t h  t h e  l e v e l  o f  i n f o r m a t i o n  d e t a i l  a n d  i n  t h e  
q u a n t i t y  o f  l a n d  c o v e r  i n f o r m a t i o n .  The  vas t  m a j o r i t y  o f  t h e  
p r o j e c t e d  1 9 7 7  F e d e r a l  a 3 e n c y  l a n d  c o v e r  demand u n d e r  e x i s t i n g  
s t a t u t e s  i s  f o r  L e v e l  I1 i n f o r m a t i o n .  T h i s  s h i f t  i n  demand 
ar ises  c h i e f l y  f rom t h e  r e q u i r e m e n t s  o f  Land I n v e n t o r y  a n d  
M o n i t o r y  (LIM) p r o g r a m s  o f  t h e  S o i l  C o n s e r v a t i o n  S e r v i c e  o f  
t h e  U.S. D e p a r t m e n t  o f  A g r i c u l t u r c .  The s t a t u t o r y  bas ' s  f o r  
t h i s  p r o g r a m  is t h e  R u r a l  Development  A c t  o f  1 9 7 2 .  The LIN 
p r o g r a m  i s  i t s e l f  a c e n t r a l  d a t a  bank  s y s t e m  f o r  r e s o u r c e  
management  i n f o r m a t i o n  u s e d  a n d  c o l l e c t e d  b y  USDA. Unde r  t h e  
s t a t u t o r y  r e q u i r e m e n t ,  we p r o j e c t  a n  a n n u a l  demand f o r  f o u r  
t i m e  c o v e r a g e  o f  t h e  e n t i r e  U.S. a t  L e v e l  11, s e a s o n a l l y ,  
i .e. w i t h i n  9 0  d a y s .  
The  1 9 7 7 - a 1 1  l a n d  c o v e r  u s e r s  i n f o r m a t i o n  m a t r i x  g i v e s  
t h e  number  o f  u n i t s  o f  demand created when f u t u r e  r e q u i r e m e n t s  
o f  t h e  l a n d  c o v e r  management u s e r s  a r e  combined  w i t h  t h o s e  o f  
t h e  l a n d  u s e  p l a n n i n g  community o n l y .  The i n c r e a s e  i n  demand 
f o r  l e v e l  I1 i n f o r m a t i o n  w h i c h  o c c u r s  f o r  ' t a r g e t  areas o f  
1 0 %  a n d  1% o f  t h e  U . S .  r e f l ec t s  a  demand f o r  a p e r i o d i c  m o n i t o r -  
? i n g  c a p a b i l i t y  t o  s u p p l e m e n t  t h e  e x i s t i n g  p r o g r a m s .  The  l a r g e  
i n c r e a s e  i n  t h e  s m a l l  a r e a  c a t e g o r i e s  o f  l e v e l  I11 te f lec ts  a n  
a n t i c i p a t e d  i n c r e a s e  i n  demand f o r  l a n d  c o v e r  i n f o r m a t i o n  by  
1 9  77. 
The u n i t s  o f  demand g i v e n  i n  t h e  f o u r  demand matrices 
r e p r e s e n t  t h e  r e q u i r e m e n t s  o f  so c a l l e d  p r i m a r y  u s e r s  o n l y .  
T h e s e  a re  u s e r s  whose  r e q u i r e m e n t s  c a n n o t  b e  s a t i s f i e d  b y  t h e  
i n f o r m a t i o n  c o l l e c t i o n  p r o g r a m  o f  a n y  o t h e r  u s e r s .  I n  a d d i t i o n ,  
t h e r e  a r e  many s o  c a l l e d  s e c o n d a r y  u s e r s  whose  r e q u i r e m e n t s  c a n  
b e  s a t i s f i e d  by  o n e  o r  more  p r i m a r y  u s e r s .  The p r o c e d u r e  u s e d  
t o  c o n d e n s e  t h e  F e d e r a l  s t a t u t o r y  demand g i v e n  i n  A p p e n d i x  11 
i n t o  t h e  p r i m a r y  u s e r s  f o r  e a c h  o f  t h e  f o u r  matrices w a s  o n e  
of elimination of overlapping data gathering requirements. This 
procedure assumes that a well-coordinated data collection 
program would be implemented by the various federal agencies 
and departments in order to reap the benefits of a nationwide 
land cover information system. The demand characteristic of each 
statute noted in Section A and B of Appendix I1 was compared 
to every other statute to determine which statutory demands 
could be satisfied by others. For example, the Flood Con- 
trol Act of 1960 requires that flood damage be assessed for 
all major floods in the United States. To satisfy this re- 
quirement by 1977, Level I1 information will be needed within 
one week for the estimated 100 flood occurrences during a 
year. The National Flood Insurance Act of 1968 requires in- 
formation on these same flood occurrences at the same level 
of detail. Thus, when imagery is obtained to satisfy the 
F l c ~ d  Control Act demand it can also be used to satisfy the 
National Flood Insurance Act demand- 
By process of elimination, the primary -rs noted in 
Tables 3.6 and 3 .7  were determ3ned. Of the primary users listed, 
those shown in Tables 3.8 and 3.9 satisfied the requirements of 
the secondary users listed below each primary user. 
Table 3.6 1974 Primary F e d e r a l  Users L i s t e d  By Leve l  o f  
Detai l  and S i z e  o f  Area Af fec ted  
&eve1 I f  - 101  o f  U.S. 
Dam S a f e t y  Act 
tp-1 I= - 0% o f  U . S ,  
Rura l  Development A c t  o f  1972 (L.1.M. Program) 
Level  I11 - 10% o f  O.S.  
Geolog ica l  Survey (Topographic napping) 
Food and A g r i c u l t u r a l  Act of  1965 
Level I11 - l a  o f  t h e  U.S. 
F o r e s t  Resources A c t  
Eousing Act o f  1954, a s  amended 
P l a n t  D i s e a s e  and P e s t  C o n t r o l  A c t  
Geolog ica l  Survey (Hinera l  Exp lo ra t ion)  
F i s h  and W i l d l i f e  Act o f  1950 
Water Resources P lann ing  Act,  Alaskan Water Resources 
F e d e r a l  Water P o l l u t i o n  Cont ro l  Act o f  1972 
&eve1 I11 -.la o f  t h e  U . S .  
w a t e r  Bank Act 
Bureau o f  Land Uanagement 
Tay lo r  Grazing A c t  
Watershed P r o t e c t ' z n  and Flood P r o t e c t i o n  A c t  
Flood C o n t r o l  A c t  c f  1960 
F o r e s t  P e s t  C o n t r o l  Act 
S o i l  Survey Act 
Coal  Nine F i r e  S a f e t y  Act 
D e t a i l e d  i n f o r m a t i o n  f o r  pr imary F e i e t a l  u s e r s  can  b e  found 
i a  s e c t i o n s  A and B o f  Appendix 11. 
F e d e r a l  s t a t u t o r y  demand f o r  remotely  s e n s e d  l a n d  cover  
i ~ f o r m a t i o n  r e l a t e d  t o  l a n d  u s e  p lann ing  on ly .  
_. 
Tab le  3.7 1977 P r imary  F e d e r a l  Users L i s t e d  By L e v e l  O f  
D e t a i l  And S i t e  Of A r e a  Af fec t ed .  
b 
Leve l  I1 - 1 0 0 1  o f  t h e  U.S. 
R u r a l  Development A c t  o f  1972 (L.I.N. Program) 
Leve l  I f  - 1 0 1  o f  t h e  U.S. 
S t a t i s t i c a l  R e p o r t i n g  S e r v i c e  
Leve l  11 - 1% o f  t h e  O.S. 
t e d e r a l  Water P o l l u t i o n  C o n t r o l  A c t  o f  1972 
Leve l  11 - .1% o f  t h e  U.S. 
+ Flood  C o n t r o l  A c t  o f  1960 
Leve l  111 - 1001  o f  t h e  U.S. 
R u r a l  Development A c t  (L.I.M. Program) 
Leve l  111 - 1 0 1  o f  t h e  U.S. 
Housing A c t  o f  1954 
Pood and A g r i c u l t u r e  A c t  o f  1965 
Leve l  I11 - 1% o f  t h e  U.S. 
F o r e s t  Resources  A c t  
C o o p e r a t i v e  Agree3en t s  f o r  Surveys  and I n v e s t i g a t i o n s  
S o i l  Su rvey  A c t  
P l a n t  D i s e a s e  and P e s t  C o n t r o l  
G e o l o g i c a l  Survey (Geo log ic  Mapping) 
G e o l o g i c a l  Survey (Mine ra l  E x p l o r a t i o n )  
F i s h  a n d  W i l d l i f e  Act  o f  1950 
Water Resources  P l a n n i n g  A c t ,  Alaskan Water Resources  
Leve l  I11 - .ll o f  t h e  U.S. 
Water Bank A c t  
Bureau o f  Land Management 
T a y l o r  G r a z i n g  Act  
+ Watershed P r o t e c t i o n  and Flood P r o t e c t i o n  A c t  
+ Flood C o n t r o l  A c t  o f  1960 
F o r e s t  P e s t  C o n t r o l  A c t  
Coa l  Mine F i r e  S a f e t y  Act  
F e d e r a l  Water P o l l u t i o n  C o n t r o l  Act o f  1972 
D e t a i l e d  i n f o r m a t i o n  f o r  p r imary  f e d e r a l  u s e r s  c a n  be  found 
i n  s e c t i o n s  A and B o f  Appendix 11. 
F e d e r a l  s t a t u t o r y  demand f o r . r e m o t e l y  s e n s e d  l a n d  c o v e r  
i n t o r m a t j o n  r e l a t e d  to l a n d  - u s e  p l a r in ing  o n l y .  
T d l e  3.8 1974 Secondary Federal  Users and Rela ted  
Primary Federal  Users Lis ted  by Level of  
D e t a i l  And S ize  of Area Affected 
L 
Level 111 - 100 8 of the  U.S. 
* Rural Develapment Act of 1972 
+ A g r i c u l t u r a l  Research Act 
S o i l  Conservation ~ c t  of 1935 
Level 111 - 101 of  t h e  U.S. 
* Geological Survey (Topographic Mapping) 
Food and Agr i cu l tu ra l  Act of 1965 
Agr i cu l tu ra l  Adjustment Act of 1938 (Cotton) 
A g r i c u l t u r a l  Adjustment Act of 1938 (Peanuts)  
Federal  Reclamation Law 
Level I11 - 1% of  t h e  U.S. 
+ Fores t  Resources Act 
* ~imber-Development  organiza t ion  
+ Clarke ncNary Act 
Nat ional  Wilderness Preserva t ion  System 
+ Oregon and Ca l i fo rn i a  Grant Lands 
Fish and Wi ld l i f e  Act of 1950 
F ish  and Wild l i fe  Act of  1949 
F ish  and Wild l i fe  Act 
Level I11 - -1% of t he  U.S. 
l ous ing  ~ c t  of 1954 
Nat ional  P l o ~ d  Insurance Act of 1968 
+ Cooperative Agreements For Surveys and I n v e s t i g a t i o n s  
Federal  s t a t u t o r y  demand f o r  remotely sensed land cover  
information r e l a t e d  t o  land  use planning only. 
Table  3.8 1 9 7 4 ' ~ e c o n d a r ~  F e d e r a l  Usets and R e l a t e d  
Primary Federa l  Users L i s t e d  By Level Of 
D e t a i l  And S i z e  of  Area Af fec ted  (Continued) 
L.evel 111 - .1% o f  t h e  U.S. 
* Water Bank Act 
F i s h  an3  W i l d l i f e  Act of  1956 
Tay lo r  Grazing Act 
Oregon and C a l i f o r n i a  Grant Lands 
Watershed P r o t e c t i o n  and Flood P r o t e c t i o n  Act 
American-Mexican Chamiza Convention Act o f  1964 
The fo l lowing  a c t s  have ext remely broad i n f o r m a t i o n  r e q u i r e m e - ~ t s  
t h a t  a r e  s a t i s f i e d  by t h e  j o i n t  demands of  s e v e r a l  pr imary 
f e d e r a l  u s e r s .  
Outdoor Recrea t ion  Act 
Water Resources  Planning Act 
Geo log ica l  Survey (Geological  mapping) 
Ex tens ion  o f  Cooperat ive  Work t o  P u e r t o  Rico 
W i l d l i f e  p r o t e c t i o n  from P o l l u t i o n  
S t a t i s t i c a l  Repor t ing S e r v i c c  
A g r i c u l t u r z l  Marketing A c t  o f  1946 
Cot ton Act 
D e t a i l e d  i n f o r m a t i o n  f o r  secondary u s e r s  can be found i n  
S e c t i o n s  A and B o f  Appendix 11. 
F e d e r a l  s t a t u t o r y  demand f o r  remotely sensed  l a n d  cover  . 
i n f o r m a t i o n  r e l a t e d  t o  l and  use  p lann ing  only.  
A 
Table  3.9 1977 Secondary F e d e r a l  Users And R e l a t e d  Primary 
F e d e r a l  Users L i s t e < ?  By Level Of D e t a i l  And S i z e  
Of Area Af fec ted .  
Level  I1 - 100% of t h e  U . S .  
+ Rural  Development Act o f  1972 (L.I.H. Program) 
Water Bank Act 
A g r i c u l t u r a l  Research Act 
* F i s h  and W i l d l i f e  Act o f  1956 
F o r e s t  Resources Act 
Timber Development Organ iza t ion  
Clark-McNary Act 
+ Y a t i o n a l  Wilderness  P r e s e r v a t i o n  Act 
. + Oregon and C a l i f o r n i a  Grant  Lands 
Tay lo r  Grazing A c t  
Water Resources P lann ing  Act 
Watershed P r o t e c t i o n  and Flood P r o t e c t i o n  Act 
Cooperat ive  Agreements For  Surveys  and f n v e s t i g a t i o n s  
Water Resources  P lann ing  Act, Alaskan Water Resources  
* Dam S a f e t y  Act 
American-Mexican Chamizal Convention A c t  o f  1964 
Housing Act o f  1954 
S o i l  Conserva t ion  Act 
Geo log ica l  Survey (Topographic Mapping) 
Geo log ica l  Survey (Geo log ica l  Mapping) 
Geo log ica l  Survey (Mineral  E x p l o r a t i o n )  
Ex tens ion  of Coopera t ive  Work t o  P u e r t o  Rico 
F e d e r a l  s t a t u t o r y  demand f o r  remotely  sensed  l a n d  c o v e r  
i n f o r m a t i o n  r e l a t e d  t o  l a n d  u s e  p l a n n i n g  on ly .  
F i s h  and W i l d l i f e  Act 
' i s h  and W i l d l i f e  Act o f  1950 
=%ah and W i l d l i f e  Act o f  1949 
Level  X I  - 101 o f  t h e  U.S. 
S t a t i s t i c a l  Repor t ing S e r v i c e  
A g r i c u l t u r a l  Marketing Act o f  1954 
Cot ton  ~ c t  
P l a n t  Disease  and P e s t  Con t ro l  A c t  
F e d e r a l  Reclamation Law 
F o r e s t  P e s t  C o n t r o l  Act 
Food and  A g r i c u l t u r e  Act of  1965 
A g r i c u l t u r e  ~ h j u s t m e n t  Act o f  1938 (Cot ton)  
A g r i c u l t u r e  Adjustment Act of 1938 (Peanu t s )  
Table  3.9 1977 Secondary F e d e r a l  Users And R e l a t e d  Pr imary  
F e d e r a l  Users L i s t e d  By Level O f  D e t a i l  And S i z e  
O f  Area Af fec ted .  (ContinueC) 
Level I1 - . l a  o f  t h e  U.S. 
Flood C o n t r o l  Act of  1960 
N a t i o n a l  Flood Insurance  Act o f  1968 
Level 111 - 100% of t h e  U . S .  
.* Rura l  Development Act (L.I .M. Program) 
A g r i c u l t u r a l  Research Act 
Geo log ica l  Survey (Topographic Mapping) 
Dam S a f e t y  Act 
S o i l  Conservat ion Act 
Level  I I I  - 101 o f  t h e  U.S. I Housin. Act o f  1954 I N a t i o n a l  Flood Insnrance  Act 
1 Food and A g r i c u l t u r e  Act of 1965 
A g r i c u l t u r a l  Adjustment Act o f  1938 (Cot ton)  
A g r i c u l t u r a l  Adjustment Act of 1938 (Peanu t s )  
I F e d e r a l  Reclamation Law 
Level 111 - 1% of t h e  U . S .  
* F o r e s t  Resources Act 
Timber Development Organ iza t ion  
* Clarke  - McNary Act 
N a t i o n a l  Wilderness  p r e s e r v a t i o n  S y s t e n  
Oregon and C a l i f o r n i a  Grant  Lands 
F i s h  and W i l d l i f e  Act o f  1950 
F i s h  and W i l d l i f e  Act o f  1949 
F i s h  and W i l d l i f e  Act 
I Geolog ica l  Survey (Geologic Mapplng) Ex tens ion  of  Coopera t ive  Work t o  P u e r t o  Rico I 
F e d e r a l  s t a t u t o r y  demand f o r  remotely  sensed  l a n d  c o v e r  
in fo rmat ion  r e l a t e d  t o  land u s e  p lann ing  on ly .  
" 
  able 3.9 1977 Socoadary F e d e r a l  Use'rs And R e l a t e d  Pr imary 
F e d e r a l  Users L i s t e d  By Level Of D e t a i l  And S i z e  
Of Area Af fec ted .  (Continued) 
Level  I11 - -1% of  the  U.S. 
-
Water Bank Act 
F i s h  and W i l d l i f e  Act o f  1956 
Tay lo r  Grazing Act 
Oregon and C a l i f o r n i a  Grant Lands 
f Watershed P r o t e c t i o n  and Flood P r o t e c t i o n  A c t  
American-Mexican Chamizal Convention Act o f  1964 
The fo l lowing  a c t s  have ex t remely  broad i n f o r m a t i o n  requ i rements  
t h a t  a r e  s a t i s f i e d  by t h e  j o i n t  demands o f  s e v e r a l  p r imary  
f e d e r a l  u s e r s .  
* Water Resources P lann ing  Act 
Outdoor Recrea t ion  Act 
W i l d l i f e  P r o t e c t i o n  fxom P o l l u t i o n  
S t a t i s t i c a l '  Repor t ing  S e r v i c e  
A g r i c u l t u r a l  Marketing Act o f  1946 
Cot ton Act 
D e t a i l e d  in fo rmat ion  f o r  secondary u s e r s  can be found i n  
S e c t i o n s  A and B of Appendix 11. 
* F e d e r a l  s t a t u t o r y  demand f o r  remotely scnsed  l a n d  cover  
i n f o r m a t i o n  r e l a t e d  t o  l a n d  u s e  p lann ing  on ly .  
.. . 
3.3 P r o j e c t i o n s  o f  F u t u r e  Demand f o r  Resource  Management 
Needs 
F e d e r a l  s t a t u t o r y  demand f o r  l a n d  c o v e r  i n f o r m a t i o n  
c o n s t i t u t e s  o n l y  a  segment  o f  t h e  t o t a l  demand. The e n t i r e  
l a n d  c o v e r  u s e r  community i n c l u d e s  n o t  o n l y  F e d e r a l  u s e r s  b u t  
s t a t e  government ;  r e g i o n a l  a n d  l o c a l  g o v e r n m e n t a l  u n i t s ;  com- 
m e r c i a l  and  academic  u s e r s .  I n  a s e p a r a t e  ECON r e p o r t  we docu- 
ment t h e  s o u r c e s  o f  demand f o r  l a n d  c o v e r  i n f o r m a t i o n  a r i s i n g  from 
r e s o u r c e  management n e e d s .  An i n d i c a t i o n  o f  t h e  s c o p e  o f  t h i s  
demand i s  g i v e n  i n  T a b l e  3.10 which l i s t  z i g h t  Resource  Manage- 
ment Areas .  Each R e s o u r c e  Management Area  h a s  b e e n  f u r t h e r  sub-  
d i v i d e d  a c c o r d i n g  t o  t h e  R e s o u r c e  Management A c t i v i t i e s  l i s t e d  
i n  T a b l e  3.11.  T a b l e  3.12 p r o v i d e s  an  example  o f  t h e  c l a s s i f i c a -  
t i o n  o f  t h e  Resource  Management Area  - I n l a n d  Water  R e s o u r c e s  
by Resource  Management A c t i v i t i e s .  
A q u a n t i t a t i v e  a s s e s s m e n t  o f  t h e  f u c u r e  demand f o r  l a n d  
c o v e r  i n f o r m a t i o n  a r i s i n g  f rom r e s o u r c e  management n e e d s  i s  
d i f f i c u l L  g i v e ?  t h e  b r o a d  s c o p e  o f  u s e r  t y p e s .  T h e r e f o r e ,  a  
p a r a m e t r i c  a n a l y s i s  o f  u s e r  demand w i l l  b e  c o n d u c t e d  o v e r  a 
r a n g e  o f  i n f o r m a t i o n  r e q u i r e m e n t s  t h a t  a r e  c o n s i d e r e d  t o  b e  
f e , ~ s i b l e  d u r i n g  t h e  p e r i o d  o f  a n  o p e r a t i o n a l  n a t i o n w i d e  l a n d  
c o v e r  i n f o r m a t i o n  s y s t e m .  The p a r a m e t r i c  demand a n a l y s i s  
w i l l  f o c u s  rnappicg t h e  l a n d  o v e r  t h e  e n t i r e  c o n t i n e n t a l  U . S .  
and  A l a s k a  a t  L e v e l  I1 i n f o r r . a t i o n  d e t a i l  and a t  a n n u a l  cov-  
e r a g e  f r e q u e n c y  r a n q i n g  f rom f o u r  t i m b z ,  e a c h  c o v e r a g e  w i t h -  
:n n i n e t y  d a y s  t o  t w e l v e  t i m e s ,  e a c h  c o v e r a g e  w i t h i n  t h i r t y  
d a y s .  
T a b l e  3.10 Resource Management Areas  
I n t e n s i v e  Vse of  L i v i n g  Resources :  A g r i z u l t u r e  
E x t e n s i v e  Use o f  L i v i n g  Resources :  F o r e s t r y ,  
Rangeland and W i l d l i f e  
I n l a n d  Water  Resources  
Land Use 
: J o n r e p l e n i s h a b l e  N a t u r a l  Rescu rces :  M i n e r a l s ,  
F o s s i l  F u e l s  and Geothermal  Energy S o u r c e s  
Atmosphere 
T a b l e  3.11 Resource  Management A c t i v i t i e s  
- 
1. C a r t o g r a p h y ,  Themat ic  Maps and  V i s u a l  D i s p l a y  
2.  ' S t a t i s t i c a l  S e r v i s e s  
3. C a l e n d a r s  
4 .  A l l o c a t i o n  
5. C o n s e r v a t i o n  
6. Damage P r e v e n t i o n  and  Assessment  
7. Unique Eve? t  R e c o g n i t i o n  and E a r l y  Warning 
8. Resea rch  
9. A d m i n i s t r a t i v e ,  J u d i c i a l  and  L e g i s l a t i v e  
Table 3. i2 Example C l a s s i f i c a t i o n  of Resource 
. Management Area - In land  Water Resources 
- 
Resource Management A c t i v i t y  
3.1 Car tography,  Theea t i c  Maps and Visua l  Disp lays  
3.1.1 Map and survey f r e e  water  a r e a s  
3.1.2 Map and survey snow, i c e  and g l a c i e ~  
3.1.3 Map and survey ground water  and o t h e r  a c q u i f i e r s  
bound i n  t h e  h y d r o l o g i c a l  c y c l e  
3.1.4 Map watershed a r e a s  
3.1.5 Map wate r  p o l l u t i o n  
3.1.6 M a p - p o t e n t i a l  wa te r  !-ap~undment a r e a s  
3.2 S t a t i s t i c a l  S e r v i c e s  
3.2.1 P r e d i c t  f r ? s h  wa te r  s u p p l i e s  a n 3  f l o o d s  
3.2.2 Inven to ry  f r e s h  water  s u p p l i e s  and snow cover  
3.2.3 Gather in fo rmat ion  f o r  h y d r o l o g i c a l  models of  
w a t e r  impoundment a r e a s  and f r e e  w a t e r  a r e a s  
3.2.4 I n s p e c t  wa te r  impoundment a r e a s  
3.2.5 Monitor s t ream s a l i n i t y  and p o l l u t i o n  
3.2.6 Monitor the rmal  p o l l u t i o n  o f  f r e e  w a t e r  
3.3 Calendars  
3.3.1 Monitor changes i n  f r e e  w a t e r  a r e a s  
3.3.2 Monitor changes i n  snow, i c e  and g l f c i e r s  
3.3.3 Monitor changes i n  ground wa te r  and a c q u i f i e r s  
3.3.4 Monitor e v a p o - t r a n s p i r a t i o n ,  s o i l  mois tu re  and 
w a t e r  d ra inage  p a t t e r n s  
3 . 3 5  Monitor c y c l i c a l  p o l l u t i o n  p a t t e r n s  
I Table  3.12 Example C1 : s s i f i ca t ion  o f  Resource  Management Area - I n l a n d  Water  Resources  ( c o n t ' d )  I 
1 3.4 A l l o c a t i o n  1 
3.4.1 Manage w a t e r  impoundment s y s t e m s  - Tor power 
q s n e r a t i o n  
3.4.2 Menage w a t e r  impoundment s y s t e m s  - f o r  f l o o d  
c o n t r o l  
3 .4 .3  nanage water impoundment s y s t e m s  - f o r  u rban  
w a t e r  supp ly  
3.4.4 Hanage w a t e r  impoundment s y s t e m  - f o r  
c 9 a m e r c i a l  and a g r i c u l t u r a l  w a t e r  s u p p l y  
3.4.5 Manage w a t e r  impoundment s y s t e m s  - f o r  
retreat; m a 1  pu rposes  
3.4.6 Hani w a t e r  impoundment s y s t e m s  - f o r  n a v i g a t i o n  I 
3.4.7 P i a c  . .anges i n  d r a i n a q e  and wacer impoundment I 
sys t ems  
3.5 C a n s e r v a t i o n  
I 3.5. ? Conserve f r e s h  w a t e r  r e s o u r c e s  I I 7.6 Da.~age P r e v e n t i o n  and A s ~ e s s m e n t  I I 3.6.1 Assess  and  r educe  f l o o c  damage I 
3.6.2 Reduce damage t o  w a t e r  impoundment s y s t e m s  f rom 
s f  l t i n g  and s e d i m e n t a t i o n  . 
3.6.3  Reduce p o l l u t i o n  o f  f r e e  w a t e r  
1 3.7 J a i q u e  SPen t  Recogn i t ion  and E a r l y  Warning I I 3 . 7 1  P r o v i d e  e a r l y  warning  o f  d i s a s t r o u s  f l o o d s  I 
I 3.7.2 Prov ide  e a r l y  warning  of l a k e  e u t r o p h i c a t i o n  I L. 3.7.3  n o n i t o r  changes  in '  s u r f a c e  w a t e r  s u p p l y  due  t o  g e o l o g i c a l  changes I 
- 
Table  3.12 Example C l a s s i f i c a t i o n  o f  Resource 
Uanagement Area - In land  Water Resources , ( c a n t e d )  
C 
3.8 Research 
3 . 8 1  Conduct hydro log ica l  r e s e a r c h  
3.8.2 Conduct f lood  c o n t r o l  r e s e a r c h  
3 8  Conduct water  p o l l u t i o n  r e s e a r c h  
3.9 A d m i n i s t r a t i v e ,  J u d i c i a l  and L e g i s l a t i v e  
39.1 Design government programs t o  reduce f l o o d  
damage 
3.9.2 I n c r e a s e  compliance wi th  wa te r  p o l l u t i o n  
r e g u l a t i o n s  
3.9.3 R i d ' i n  des ign i r  1 l e g i s l a t i v e  c o n t r o l s  f o r  
p o l i c y  implementation 
3.9.4 Aid i n  planning government p r o j e c t s  f o r  f u t u r e  
w a t e r  supply 
- 
CHAPTER 4 . 0  
QUANTITATIVE ECONO>lIC ANALYSIS 
4 . 1  The Framework of t h e  Economic  A n a l y s i s  
I n  t r y i n g  t a  a p p l y  e c o n o m i c  p r i n c i p l e s  when d e t e r m i n i n g  
t h e  v a l u e  o f  s a t e l ' i t e  s y s t e m s ,  t h e  a n a l y s i s  is hampered  by  o n e  
n a j o r  d rawback  when compared  t o  t h e  e c o n o m i c  e v a l u a t i o n  o f  o t h e r  
s y s t e m s :  t h e r e  d o e s  n o t ,  a t  p r e s e n t ,  e x i s t  i n  t h e  U n i t e d  S t a t e s  
economy a n y  " f r e e "  m a r k e t  w h e r e  t h e  dem-.nd f o r  s a t e l l i t e s  a n d  t h e  
s u p p l y  o f  s a t e l l i t e s  a r e  d e t e r m i n e d  b y  t h e  i n t e r p l a y  of many con-  
s u m e r s  a n d  many p r o d u c e r s .  R a t h e r ,  w e  f i n d  a s i t u a t i o n  s imilar  
t c  t h a t  o f  D e p ~ r t m e n t  o f  D e f e n s e  d e c i s i o n s  w h e r e  m a j o r  c o n s u m e r s  
a r e  g o v e r n m e n t  a g e n c i e s  s u c h  as  t h e  N a t i o n a l  A e r o n a u t i c s  a n d  
S p a c e  A d m i n i s t r a t i o n  a n d  t h e  D e p a r t z e n t  o f  t h e  I n t e r i o r .  On t h e  
s u p - l y  s i d e ,  we f i n d ,  a t  m o s t ,  teq t o  t w e l v e  major c o m p a n i e s  
c o m p e t e n t  t o  cor~.;?ete f o r  m a j o r  a e r o s p a c e  h a r d w a r e  s y s t e m s .  Thus ,  
huge  i n v e s t m e n t  e x p e n J i t u r e s  a re  d e c i d e d  o n  t h e  b a s i s  o f  t e c h n i c a l  
c r i t e r i a ,  p o l i t i c a l  p r o c e s s e s ,  n a t i o n a l  p r i o r i t i e s ,  e t c .  
T h i s  r e s t r i c t i o n  i n  t h e  number o f  b u y e r s  a n d  s e l l e r s  d o e s  
n o t  mean t h a t  economic  d e c i s i o n s  made i n  s u c h  a n  e n v i r o n m e n t  h a v e  to be 
l e s s  r a t i o n a l  t h a n  t h o s e  made i n  t he  f r e e  market. However, t he  means 
o f  a r r i v i n g  a t  e c o n o m i c  d e c i s i o n s  i s  d i f f e r e n t .  The b a s i c  assump-  
t i o n  o f  a n  economic  a n a l y s i s  i n  t h e  a b s e n c e  o f  m a r k e t  i n d i c a t o r s  




t h e  b u d g e t s  f o r  t h e  1970's a n d  t h e  1 9 8 0 ' s  -- d o  r e f l e c t  i n  e f f e c t  -)r a 
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n 3 t i o n a l  p r i o r i t i e s .  One h a s  t o  a s s u m e  f u r t h e r  t h a t ,  w i t h i n  e a c h  
a g e n c y ,  t h e  p r o g r a m s  s e l e c t e d  f o r  i m p l e m e n t a t i o n  o u t r a n k ,  i n  
p r i o r i t y ,  p r o j e c t s  n o t  u n d e r t a k e n  b y  t h e  a g e n c y .  I n  o t h e r  wor' s ,  
we h a v e  t o  make t h e  a s s u m p t i o n  t h a t  t h e  r e s o u r c e s  a l l o c a t e d  t o  
s p a c e  s e n s i n g  a c t i v i t i e s  by  NASA a re  e f f i c i e n t  i n  a n  e c o n o m i c  
s e n s e ;  t h a t  t h ~  n e e d e d  r e s o u r c e s  o f  N A S A  a re  m i n i m i z e d  t o  a c h i e v e  
a g i v e n  capability d e m a n d e d  b y  C o n g r e s s  o r  t h e  A d m i n i s t r a t i o n  -- 
i .e . ,  cost m i n i m i z a t i o n  i s  a c h i e v e d  -- o r ,  g i v e n  t h e  r e s o u r c e s  
a l l o c a t e d  t o  NASA, a maximum c a p a b i l i t y  is d e v e l o p e d  w i t h  t h e s e  
f u n d s  w i t h i n  NASA. G i v e n  t h a t  t h e  a g e n c y  f u n d s  c o m p e t e  w i t h  
o t h e r  p r o g r a m s  w i t h i n  t h e  same a g e n c y ,  t h e  a s s u m p t i o n  o f  e c o n -  
o m i c  e f c i c i e n c y  w i t h i n  e a c h  a g e n c y  is  n o t  c o m p l e t e l y  u n r e a s o n -  
a b l e .  I n  t h i s  a n a l y s i s ,  we d o  n o t  h a v e  t o  a s s u m e  t h a t  t h e  bud-  
g e t  l e v e l  i s  o p t i m a l .  
G i v e n  t h i s  bas ic  a s s u m p t i o n ,  c o s t - e f f e c t i v e n e s s  a n a l y s i s ,  
i n  a  s t r i c t  s e n s e ,  i s  o n l y  c o n c e r n e d  w i t h  i d e n t i f y i n g  t e c h n i c a l l y  
f e a s i b l e  s y s t e m s  t h a t  a s s u r e  e i t h e r  a maximum o f  EHS c a p a b i l i t y  
a t  a n y  g i v e n  b u d g e t  l e v e l  o r  a minimum c o s t  f o r  a n y  g i v e n  E R S  
c a p a b i l i t y .  A l t h o u g h ,  i n  e ~ o n c - ~ ~ i c  t h e o r y  t h i s  t a s k  is r a t h e r  
s t r a i g h t  - fo rward ,  i n  p r a c t i c e  i t  p r o v e s  very d i t i i c u l t  t o  determine t h e  
c o s t - e f f e c t i v e  s y s t e m s ,  e i t h e r  f o r  t h e  p r e s e n t  t e c h n o l o g y  o r  f o r  
t h e  p r o j e c t e d  new E R S  s y s t e m s .  F i g u r e  4 . 1  s h o w s  a  h y p o t h e t i c a l  
e x a m p l e  o f  t h e  c o s t  e f f i c i e n c y  f r o n t i e r  f o r  t h e  E R S  p r o g r a m  i n  
t e r m s  o f  1 9 7 5 - 8 0  t e c h n o l o g y .  T h e  v e r t i c a l  a x i s  i n  F i g u r e  4 . 1  
r e p r e s e n t s  t h e  c a p a b i l i t y  measur t :d  i n  terms of t h e  number o f  images 
p r o d u c e d ,  and t h e  h o r i z o n t a l  axis m e a s u r e s  t h e  c o s t s  (t 1 2  b ~ d y e t s  
S c t  of  E f f i c i e n t  
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requited) to produce that number of images. The figure is basic 
to an understanding of cost-effectiveness calculations for anal- 
yzing the economics of ERTS-lik-e satellites. The shaded area in 
Figure 4.1 shows the region of possible costs qf ERS systems. That is, 
a given space sensing program capability of, say, k can be delivered 
1 
for a budget of bl. The same capability, kl, can also be produced 
for more than b Such a cost-capability combination would 1 - 
lie to the right of k in the shaded area shown in Figure 4.1 1 
below the efficiency frontier (cost curve). Similarly, for the 
same budget of 5 we could have a smaller ERS program, for ex- 1 * 
ample, a capability kg. Again, these comb~nations would lie pelow 
the efficiency frontier within the shaded area of Figure 4.i. As 
. , 
: 
we move from one point within the shaded area -- the feasible ' . 
region of space sensing cost combinations -- toward the left and 
upward, we improve the economics of systems choice. Cost-effect- 
iveness analysis is concerned with finding satellite sensing programs 
where no increased capability (more images at a fixed resolution 
produced per year) is possible without a corresponding increase 
in cost. The set of cost-efficient points -- the cost curve -- 
is shown by the boundary of the shaded area, POPO, in Figure 4.1. 
By inspection, we see that Po -- a point not on the frontier -- 
is not cost-effective. The system P requires a budget of bo 0 
and promises a capability of k 0' We can find other ERS programs 
different from Po that offer more capability or less cost or hoth. 
One s u c h  p r o g r a m  is  shown a t  P1 w i t h  a b u d g e t  r e q u i r e m e n t  o f  
b l  ( s m a l l e r  t h a n  b o )  a n d  a c a p a b i l i t y  o f  k 1 ( l a r g e r  t h a n  kg). 
From t h e  s h a p e  o f  t h e  c o s t  e f f i c i e n c y  f r o n t i e r ,  w e  a l s o  
o b s e r v e  t h a t ,  by  i n c r e a s i n g  the b u d g e t  o f  t h e  s p a c e  s e n s i n g  p r o -  
gram,  w e  i n c r e a s e  t h e  l e v e l  o f  c a p a b i l i t y .  B u t  as we move o u t  t o  
l a r g e r  a n d  l a r g e r  f u n d i n g  l e v e l s ,  a n y  a d d i t i o n a l  f u n d i n g  y i e l d s  
smaller a n d  smaller i n c r e m e n t s  i n  c a p a b i l i t y .  I n  o t h e r  w o r d s ,  
t h e  s h a p e  o f  t h e  e f f i c i e n c y  f r o n t i e r  r e f l e c t s  i n c r e a s i n g  i n c r e -  
m e n t a l  c o s t s  a s  t h e  c a p a b i l i t y  r e q u i r e m e n t s  of ERS e x p a n d .  I n  
F i g u r e  4.1, two c a s e s  a re  shown t o  i l l u s t r a t e  t h i s  p o i n t .  The 
c . 3 n g e  i n  c a p a b i l i t y  c f  Ak i s  e q u a l  t o  t h e  c h a n g e  i n  c a p a b i l i t y  2 
d k j  -- a t  a h i g h e r  f u n d i n g  l e v e l .  B u t  t h e  a b s o l u t e  i n c r e a s e  i n  
c a p a b i l i t y  i s  b o u g h t  a t  a n  i n c r e a s e d  i n c r e m e n t a l  c o s t  (hb3>Ab2) .  
I n  many l a r g e - s c a l e ,  a d v a n c e d  t e c h n o l o g i e s ,  t h i s  e f f i c i e n c y  f r o n -  
t i e r  may w e l l  b e  a s t r a i g h t  l i n e  o v e r  a c o n s i d e r a b l e  r a n g e  o f  t h e  
c o s t  e f f i c i e n c y  f r o n t i e r .  The  i n t e r c - p t  o f  t h e  e f f i c i e n c y  f r o n -  
t i e r  w i t h  t h e  h o r i z o n t a l  a x i s  d o e s  i n d i c a t e  t h e  m i n i r u m  ( f i x e d )  
c o s t s  o f  b u y i n g  a n y  amount  o f  s p a c e  s e n s i n g  c a p a b i l i t y .  . .- 
Thus ,  a s t r a i g h t  l i n e  e f f i c i e n c y  f r o n t i e r  w i t h  a  p o s i t i l T e  i n t e r -  
c e p t  a t  t h e  c o s t  ( b u d g e t )  l i n e  wou ld  i n d i c a t e  a n  ERS s y s t e m  w i t h  
c o n s t a n t  m a r g i n a l  ( i n c r e m e n t a l )  c o s t s  a n d  d e c r e a s i n g  a v e r a g e  costs .  
The  c a s e  shown i n  F i g u r e  4 . 1  i s  more  g e n e r a l  a n d  i n c l u d e s ,  i n  
p r i n c i p l e ,  t h e  more  s p e c i f i c  c a s e  o f  t h e  ERS s y s t e m s .  
W e  h a v e  f o c u s e d  t h e  d i s c u s s i o n  t h u s  f a r  on  t h e  u s e  o f  
c o s t - e f f e c t i v e n e s s  a n a l y s i s  f o r  e - ~ a l u a t i n g  r e m o t e  s e n s i n g  s y s -  
tems. The t a s k  o f  b e n e f i t - c o s t  a n a l y s i s  i s  more d e m a n d i n g .  
W h i l e  c o s t - e f f e c t i v e n e s s  a n a l y s i s  t r i e s  t o  i d e n t i f y  t h e  s y s t e m s  
( f o r  s p a c e  s e n s i n g  p r o g r a m s )  a l o n g  t h e  " e f f i c i e n c y  f r o n t i e r "  ( t h e  
c o s t  c u r v e ) ,  b e n e f i t - c o s t  a n a l y s t s  a t t e m p t s  t o  s e l e c t  a s i n g l e  s p a c e  
s e n s i n g  p r o g r a m  f r o m  a l l  p o s s i b l e  c o s t - e f f e c t i v e  c a n d i d a t e s .  To 
d o  t h i s ,  h o w e v e r ,  we h a v e  t o  u s e  a b e n e f i t  ( u t i l i t y  o r  v a i u e )  mea- 
s u r e  of  c o n c e i v a b l e  s p a c e  s e n s i n g  p r o g r a m s  w i t h i n  t h e  r a n g e  o f  
t e c h n o l o g y - - a  t a s k  w e  do  n o t  p r o p o s e  t o  s o l v e  a n d  w h i c h  may b e  a n  
i n t r a c t a b l e  t a s k .  G i v e n  i n f o r m a t i o n  o n  t h e  e c o n o m i c  v a l u e  o f  
t h e s e  p r o g r a m s ,  w e  c a n  t h e n ,  i n  t h e o r y ,  s e l e c t  o n  opt imum s p a c e  
s e n s i c g  p r o g r a m .  
T h i s  c h o i c e  p r o c e s s  c a n  b e  i l l u s t r a t e d  w i t h  t h e  a i d  o f  
F i g u r e  4 .2  w h i c h  shows  t h e  c o s t  c u r v e  a n d  t h e  b e n e f i t  c u r v e  con-  
f r o n t i n g  t h e  a e c i s i o n  ~ . a k e r  a n d  t h e  a c t u a l  c a p a b i l i t y  a n d  c o s t  
l eve l s  of  s eve ra l  spsce sensing programs. I t  s h o u l d  b e  n o t e d ,  f i r s t  o f  
a l l ,  t h a t  t h e  c o s t  c u r v e  i n  F i g u r e  4 . 2  d i f f e r s  f r o m  t h a t  shown i n  
F i g u r e  4 .1 .  The  l a t t e r  d e n o t e s  " r e c u r r i n g  c o s t s  p e r  y e a r "  as  a  
f u n c t i o n  o f  " c a p a b i l i t y  p e r  y e a r * ' .  The c o s t  c u r v e  i n  F i g u r e  4 . 2 ,  
on  t h e  t h e r  h a n d ,  tc.:.ers t o  " t o t a l  p r o g r a m  c o s t s  o v e r  t h e  e n t i r e  
p l a n n i n g  h o r i z o n " .  l n c e  " t o t a l  p r o g r a m  c o s t s "  are i n c u r r e d  o v e r  
t i m e ,  it m u s t  b e  a s s u m e d  t h a t  a l l  cos t s  a r e  a d j u s t e d  f o r  t h e  t i m e  
v a l u e  o f  e ~ o n o m i c  r e s o u r c e s .  The t i m e  s t r e a m  o f  s p a c e  sensing program 
b e n e f i t s ,  summed u p  i n  t h e  b e n e f i t  c u r v e ,  a l s o  i s  a s s u m e d  t o  h a v e  
b e e n  d i s c o u n t e d  a p p r o p r i a t e l y .  
Figure 4 . 2  i l l u s t r a t e s  t h e  g e n e r a l  r e l a t i o n s h i p  
b e t w e e n  t h e  program cos t s  and t h e  program b e n e f i t s .  Observe 
t h a t ,  a t  h i g h e r  and higher l e v e l s  o f  c a p a b i l i t y ,  a d d i t i o n a l  
i n f o r m a t i g n  b e c o m e s  i n c r e a s i n g l y  more c o s t l y  -- t h e  
i n c r e m e n t a l  cost o f  i n f o r m a t i o n  i n c r e a s e s  w h i l e ,  a t  t h e  
B e n e f i t s  
Program C o s t s  a n 2  B e n e f i t s  
( 3 v e r  P l a n n i n g  H o r i - o n )  
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same t i m e ,  t h e  i n c r e m e n t a l  b e n e f i t  d e r i v e d  b e c o m e s  i n c r e a s -  
i n g l y  s m a l l e r .  The  a s s u m p t i o n  o f  p r o g r e s s i v e l y  d e c r e a s i n g  
i n c r e m e n t a l  b e n e f i t s  i s  b a s e d  o n  t h e  n o t i o n  t h a t  s u c c e s s i v e  
a d d i t i o n s  t o  i n f o r m a t i o n  w i l l  b e  l e s s  v a l u a b l e  a n d  a t  some 
p o i n t  may w e l l  r e a c h  a s a t u r a t i o n  p o i n t ,  w h i c h  m e a n s  t h a t  t h e  
b e n e f i t  c u r v e  i n  F i g u r e  4 . 2  w i l l  e v e n t u a l l y  become v e r t i c a l .  
A t  a g i v e n  l e v e l  o f  c a p a b i l i t y ,  s a y  k " n e t  p r o g r a m  0' 
b e n e f i t "  i s  m e a s u r e d  b y  t h e  h o r i z o n t a l  d i s t a n c e  b e t w e e n  t h e  
b e n e f i t  a n d  c o s t  c u r v e s .  I n  F i g u r e  4 . 2 ,  t h e  n e t  b e n e f i t  a t  
kg i s  g i v e n  b y  t h e  d i s t a n c e  CD;  a t  k i t  i s  g i v e n  b y  A B .  1 ' 
R e c a l l  t h a t  t h e  c o s t  c u r v e  i s  r e a l l y  a n  e f f i c i e n c y  f r o n t i e r  
a s s o c i a t i n g  a g i v e n  l e v e l  o f  c a p a b i l i t y  w i t h  t h e  l e a s t  c o s t  
ERS s y s t e m  w h i c h ,  w i t h  g i v e n  t e c h n o l o g y ,  w i l l  p r o v i d e  t h a t  
c a p a b i l i t y .  T h e  p r o p e r  s a t e l l i t e  p r o g r a m ,  t h e r e f o r e ,  i s  t h e  
o n e  c o r r e s p o n d i n g  t o  t h e  s c e n a r i o  a t  w h i c h  t h e  d i s t a n c e  
b e t w e e n  t h e  t o t a l  b e n e f i t  a n d  t h e  t o t a l  c o s t  c u r v e s ,  i . e . ,  
t h e  t o t a l  n e t  b e n e f i t  i s  m a x i m i z e d .  I t  i s  t h e  c a p a b i l i t y  
i e v e l  a t  w h i c h  t h e  c o s t  c u r v e  a n d  t h e  b e n e f i t  c u r v e s  h a v e  
t h e  same s l o p e ,  i - e . ,  a t  w h i c h  i n c r e m e n t a l  b e n e f i t s  a r e  
j u s t  e q u a l  t o  i n c r e m e n t a l  c o s t s .  I n  F i g u r e  4 . 2 ,  t h i s  o p t i m u m  
s a t e l l i t e  p r o g r a m  i s  k 1 ' 
H a v i n g  e s t a b l i s h e d  t h e s e  f u n d a m e n t a l  p o i n t s ,  we m u s t  o b s e r v e  
t h a t  the b e n e f i t  r e l a t i o n s h i p  o f  s a t e l l i t e  p r o g r a m s  w i t h i n  
t h e  r a n g e  o f  t e c h n o l o g y  c a n n o t  b e  m e a s u r e d  q u a n t i t a t i v e l y  
d t  p r e s e n t  -- i f  i t  c a n  e v e r  b e .  I t  i s  f o r  t h i s  r e a s o n  
t h a t  i n  t h i s  s t u d y  w e  w i l l  e m p l o y  c o s t - e f f e c t i v e n e s s  
a n a l y s i s  t o  d e t e r m i n :  t h e  e c o n o m i c  v a l u e  o f  ERTS i n  e s t a b l i s h -  
ment  a n d  m a i n t e n a n c e  o f  a  n a t i o n w i d e  l a n d  c o v e r  i n f o r m a t i o n  
s y s t e m .  The n e x t  s e c t i o n  e x p l a i n s  t h e  e c o n o m i c  a n a l y s e s  
p o s s i b l e  w i t h i n  t h e  c o n f i n e s  o f  c o s t - e f f e c t i v e n e s s  a n a l y s i s .  
4 . 1  E q u a l  C a p a b i l i t y  a n d  E q u a l  B u d g e t  A n a l y s i s  o f  t h e  ERTS 
S y s t e m  
The  a b o v e  g e n e r a l  d e f i n i t i o n  o f  c o s t - e f f e c t i v e n e s s  a n a l y s i s  
c a n  b e  a p p l i e d  t o  t h e  a n a l y s i s  o f  a n  ERTS-type s a t e l l i t e  s y s t e m .  
The ERTS p r o g r a m  w i l l  c h a n g e  t h e  e f f i c i e n c y  f r o n t i e r  ( c o s t  c u r v e  
o f  s p a c e  i n f o r m a t i o n  p r o g r a m s ) .  I n  g e n e r a l ,  t e c h n o l o g i c a l  c h a n g e  
w i l l  s h i f t  t h e  e f f i c i e n c y  f r o n t i e r  F  F o f  F i g u r e  4 . 1  upward  a n d  
0 0 
t o w a r d  t h e  l e f t  -- i . e . ,  i t  w i l l  l o w e r  c o s t s  or i . i c r e a s e  c a p a -  
b i l i t i e s .  F i g u r e  4 . 3  shows t h a t  s h i f t  f r o m  F F t o  FIF1. 
0 0 I f  t h e  
ERTS s y s t e m  b r i n g s  a b o u t  i n c r e a s e d  e f f i c i e n c y  a t  l a r g e r  s c a l e s  o f  
o p e r a t i o n  o n l y ,  wh ich  a p p e a r s  t o  b e  a  r e a s o n a b l e  a s s u m p t i o n ,  t h e n  
t h e  s h i f t  i n  FOFO w i l l  t a k e  p l a c e  o n l y  a t  l a r g e r  c o s t / b u d g e t  l e v -  
e l s  a n d  l . e ave  t h e  l o w e r  p o i n t s  o f  F F  more  o r  l e s s  u n c h a n g e d .  0 0 
T b e r e f u r e ,  w i t h i n  t h e  c o n f i n e s  o f  c o s t - e f f e c t i v e n e s s  a n a l -  
y s i s  ( s t r i c t l y  d e f i n e d ) ,  o n e  may a s k  t h c  f o l l o w i n g  two  q u e s t i o n s :  
( a )  E q u a l  c a p a b i l i t y  e f f i c i e n c y  f o r  a  g i v e n  c a p a b i l i t y  
l e v e l :  What a r e  t h e  n e t  c o s t  s a v i n g s  t h a t  c a n  be 
a c h i e v e d  by  a d o p t i n g  ERTS ( f o r  e x a m p l e ,  t h e  d i s t a n c e  
P P ) ?  ( F i g u r e  4 . 4 ) .  0 1 
( b )  E q u a l  b u d g e t  e f f i c i e n c y :  What i n c r e a s e s  i n  c a p a b i l i t y  
a r e  b r o u g h t  a b o u t  b y  E R T ~  a t  t h e  same b u d g e t  l e v e l  
a f t e r  t h e  new s y s t e m  h a s  b e e n  i n t r o d u c e d ?  
I n  t h i s  r e p o r t ,  an  e q u a l  c a p a b i l i t y  a p p r o a c h  i s  u s e d  f o r  
















Program Cost Per Year 
Figure 4.3 Cost-Effectiveness Analy:,.~ o f  
Technological Change: The Case 
of ERTS 
The e q u a l  b u d g e t  a p p r o a c h  c o u l d  a l so  b e  a n a l y z e d ,  b u t  f rom 
b o t h  a n  e m p i r i c a l  a n d  t h e o r e t i c a l  s t a n d p o i n t ,  i t  would a p p e a r  
t o  b e  c o n s i d s r a b l y  more d i f f i c u l t  t o  do.  T h i s  d i f f i c u l t y  
p r i m a r i l y  a r i s e s  f rom t h e  m u l t i - d i m e n s i o n a l  c h a r a c t e r i s t i c s  o f  
c a p a b i l i t y ,  Some a c c e p t a b l e  a n d  n o n - a r b i t r a r y  scheme o f  
w e i g h t i n g  t h e  d i f f e r e n t  c h a r a c t e r i s t i c s  o f  c a p a b i l i t y  
would h a v e  t o  b e  d e r i v e 2  b e f o r e  c o m p a r i s o n s  c o u l d  b e  made 
u s i n g  a n  e q u a l  b u d g e t  a p p r o a c h .  T h e r e f o r e *  it would  b e  
much more e x p e n s i v e  a r d  i n v o l v e  much g r e a t e r  r i s k s  t o  
a n a l y z e  ERS u s i n g  a n  e q u a l - b u d g e t  a p p r o a c h .  The same 
q u a l i t a t i v e  a n s w e r ,  i . e . ,  w h e t h e r  t o  h a v e  o r  n o t  t o  h a v e  a n  
ERTS-type 3 a t e l l i t e  s y s t e m  would  o c c u r  w i t h  e i t h e r  t y p e  o f  
a p p r o a c h ,  t h o u g h  t h e  q u a n t i t a t i v e  d e g r e e  t o  which  a n  
ERTS-type s a t e l l i t e  s y s t e m  makes a  d i f f e r e n c e  would  d i f f e r  
w i t h  e a c h  a p p r o a c h .  
T h i s  s t u d y  w i l l  f o c u s  on l i f e  c y c l e  c o s t  c o m p a r i s o n s  
f o r  s e v e r a l  " w i t h  s a t e l l i t e g l . r e m o t e  s e n s i n g  s y s t e m s  a n d  
s e v e r a l  " w i t h o u t  s a t e l l i t e "  r e m o t e  s e n s i n g  s y s t e m s  ( h i g h  
a l t i t u d e  a n d / o r  low a l t i t u d e  a i r c r a f t  s y ~ k e m s  w i t h  a s s o c i a t e d  
g r o u n d  s u p p o r t  t e a m s ) .  The " w i t h "  and  " w i t h o u t "  s a t e l l i t e  
s y s t e m s  a r e  a lways .  compared a t  t h e  same l e v e l  o f  c a p a b i l i t y ,  
b u t  demand i s  v a r i e d  p a r a m e t r i c a l l y  a b o u t  t h e  expect .2d  l e v e l  
o f  F e d e r a l  c i v i l  agency  s t a t u t o r y  demand t o  s e e  wha t  e f f e c t  
d i f f e r e n t  l e v e l s  o f  demand have  on t h e  r e l a t i v e  n e r i t s  o f  a 
" w i t h "  and " w i t h o u t "  s a t e l l i t e  s y s t e m .  
Demand f o r  a  s a t e l l i t e  ;ysV.em c a n  b e  v iewed i n  t h e  
a b s t r a c t  a s  a  demand f o r  c e r t a i n  t y p e s  o f  i n f a r m a t i o n .  
However, t o  s i m p l i f y  t h e  a n a l y s i s  w i t h o u t  d i s t o r t i n g  i t  i n  
any e s s e n t i ~ l  way, i t  i s  n e c e s s a r y  + o  move f r ~ ?  t h e  a b s t r a c t  
r e p r e s e n t z t i o n  o f  demand f o r  i r f o r m a t i o n  t o  a n  a p p r o p r i a t e  
p h y s i c a l  a n a l o g .  D i s t o r t i o n  w i l l  b e  :voided i f  t h e  p r o p e r  
p h y s i c d l  a n a l o g  i s  c h o s e n .  For  o u r  p u r p o s e s ,  t h e  b e s t  
u n i d i m e n s i a n a l  p h y s i c a l  a n a l o g  f o r  q u a n t i t y  o f  i n f o r m a t i o n  
demanded a p p e a r s  t o  !-~e t h e  number o f  ERTS-type f r a m e s  
demanded. 
Demand i s  s u b d i v i d e d  i n t o  t w e l v e  c a t e g o r i e s .  These  
c a t e g o r ; e s  a r e  b a s c d  on d s e r s  r e q u i r e m e n t s  f o r  g e o g r a p h i c a l  
a r e a  o f  c o v e r a g e ,  t i n e l i n e s s  o f  i n f o + m a t i o n ,  t h e  l e v e l  o f  i n -  
f o r m a t i o n  d e t a i l  and a n n u a l  f r e q u e n c y  o f  c o v e r a g e .  I f  demand 
were  n o t  s u b d i v i d e d  i n  t h i s  manner ,  t h e n  a  c o m p l e t e l y  d i s ~ o r -  
t e d  a n a l y s i s  o f  t h e  " w i t h "  and  " w i t h o u t 1 '  s a t e l l i t a  s y s t e m s  
would emerqe.  T h i s  d i s t o r t i o n  would o c c u r  f o r  two r e a s o n s :  
(1) i t  would b e  u n r e a s o v a b l e  a - ~ d  l o g i c a l l y  i n c o n s i s t e n t  to 
make an  e q u a l  c a p a b i l i t y  as sump ti^^^, and ( 2 )  i t  would s u p p r e s s  
t h e  r e l a t i v e  a d v a n t a g e s  and r e l a t i v e  a i s a d v a n t a g e s  o f  t h e  s a t -  
e l l i t e  s y s t e m  fo:. d i f f e r e n t  c a t e g o r i e s  of i n f o r m a t i o n .  
Without subdivision of demand, the equal capability assum~tion 
could be set with requirements such that only the satellite, 
but not the aircraft, or only the aircraft, but not the sat- 
ellite, could satisfy the demand requirements. The second 
reason why lumping all demand together would lead to a bad 
e rdlysis L -  that the results obtained by using aggregate de- 
m.?.i . i  by definition omits certain information that would be 
available from disaggregate demand. Therefore, the results 
obtained from a disaggregate demand approach should be super- 
ior to those of an aggregate demand approach. 
Total cost to meet all requirements using a mix of 
satellite, high and low altitude aircraft will be compared to 
total cost to meet all requirements using only high altitude 
and low altitude aircraft systems. If the total cost is 
less using the "with" satellite system over the "without" 
system, then there is a positive net benefit to having the 
ERTS-type satellite system, (namely, the equal capability cost 
savings) irrespective of its potential zcLe in other applica- 
tions. If ERTS does provide large benefits in applications 
other than land cover, then the net benefit computed for ERTS 
in the land cover role will considerably understate the economic 
value of ERTS. This understatement occurs because the land 
cover applications in the present analysis will bear the full 
fixed costs of the ERTS system. 
- I.. 
4.2 Overview of the Study Approach 
In this study the economic value of an ERTS in the develop- 
ment, maintenance and updating of a Nationwide Land Cover Infor- 
mation System is measured by the equal capability cost savinqs 
that accrue to a "with* ERTS data acquisition over a *withoutw 
ERTS data collection system. 
The magnitude of the equal capability cost savings that 
accrue to a with ERTS system primarily depends upon four factors 
• the land cover information requirements imposed 
upon rhe nationwide information system (i.e. user 
demand) 
the set of feasible, technical alternative systems 
for satisfying user demand on an equal capability 
basis. 
R 6 D ,  investment and operations costs required for 
the implementation of each alternative data acquisition 
system 
• the economic parameters used in the evaluation process, : 
? 
2or example, the discount rate, the project horizon. 
On the demand side, it is necessary to project user land 
cover data requirements over the period of a future operational 
nationwide information system (1977-1993). These projections are 
particularly difficult and hignly uncertain at present. The major 
underlying difficulty is that there is no such system in operation 
today. fnstead, there are many separate data gathering and 
management information systems designed to serve specific users. 
On the Federal level, there are large scale efforts 
involving, e.g., the Land Use and Data Analysis (LUDA) program 
of the Department of Interior and the Land Inventory Monitoring 
Program (LIM) of the Department of Agriculture. New and poten- 
tially major initiatives in this area are about to emerge from 
within the Environmental Protection Agency. The Administrator 
of the EPA, Mr. Russel E. Train, has recently announced plans 
to establish a division within the Agency to deal with land use 
problems. In addition, on the State Government level, there 
are several comprehensive land cover programs and information 
systems; notably the Land Use and National Resources Inventory 
(LUNR) system of New York and Minnesota Land Management Infor- 
mation System (MLMIS). 
These data collection programs and information systems ' 
will undoubtedly contribute importantly to the demand placed on 
a Nationwide Land Cover Information System. However, it appears 
unlikely that all data collection and processing requirements of 
these many user groups will be imposed on a national system. 
Federal and State Agency resistance to a completely uniform data 
aquisition processing, interpretation and dissemination system 
will not yield to any such effort. Neither would resistance to 
total uniformity be illfounded. In general, there may be many 
dimensions to the data requirements of the various user groups 
any one of which, if left unsatisfied by the rigidities of a 
uniform system, would seriously impair the effectiveness of the 
user's data for his particular resource management program. The 
implication of the above considerations is that some user re- 
quirements for land cover information will continue to be satis- 
fied by special purpose user data collection programs and 
information systems while other requirements will be fulfilled by 
a nationwide program. The determination of which subsets of the 
present day requirements of the various user groups will con- 
tribute to the demand imposed on a nationwide system will likely 
be made by the users themselves. The nretain/relinquishn 
decision process of the users may initially be largely influenced 
by political considerations, and perhaps equally, by technical 
considerations, e-g. the present day accuracy and level of 
information detail requirements. In time, economic considerations 
should dominate their selection processes. As this occurs, 
demands upon the nationwide system from these user groups will 
likely increase over their initial demand levels because of the 
relatively low incremental costs of acquiring data from the 
nationwide system. 
The initial land cover information demand that 
will be imposed on a nationwide system from known users is some- 
what uncertain at present. Even at the Federal government level, 
initial demand upon a nationwide system is uncertain; this 
is due in large measure to two factors: 
(1) the lack of documented evidence concerning the 
effectiveness and economic value of the technical 
characteristics of data presently collected by these 
agencies (e.g., given that a certain type of 
information, say the presence or absence of land 
cover type x ,  is to be collected over a region of 
y square miles at intervals of time t, what is 
the effectiveness of that information in the management 
of the resource for which the agency has responsibility 
and if the time period of observation were reduced 
from t to t/5 or the region of coverage reduced 
from y to y/10 what increase/decrease would result 
in the effective management of the resource and what 
would be the economic value (gain or loss) that results. 
(2) the lack of knowledge concerning the cost-effectivness 
of alternative data collection systems to provide 
the information equivalent of existing data collection 
programs. 
Undoubtedly, as the time of an operational ERS draws near, 
addit.iona1 knowledge from in-process and future studies will be 
acquired, which will allow accurate forecasts of both the initial 
demand upon a nationwide system and the growth and changing 
nature of the user demand measurements over time. 
We h a v e  s a i d  t h a t  t h e  economic  v a l u e  o f  ERTS i n  t h e  
e s t a b l i s h m e n t  o f  a n a t i o n w i d e  l a n d  c o v e r  i n f o r m a t i o n  s y s t e m  
d e p e n d s  t o  a  m a j o r  d e g r e e  upon t h e  l e v e l  o f  demand which t h i s  
s y s t e m  c o u l d  b e  r e q u i r e d  t o  s a t i s f y .  W e  h a v e  a l s o  s a i d  t h a t  
p r e s e n t  d a y  e s t i m a t e s  o f  u s e r  demand l e v e l s  mus t  b e  r e g a r d e d  as 
h i g h l y  u n c e r t a i n .  T h e s e  s t a t e m e n t s  may a p p e a r  t o  i m p l y  t h a t  t h e  
p r e s e n t  s t u d y  i s  doomed t o  b e  a m e a n i n g l e s s  e x e r c i s e  b u t  w e  a re  
s a n g u i n e  t h a t  t h i s  i s  n o t  t h e  c a s e .  R a t h e r  w e  b e l i e v e  t h a t  t h e  
c o s t  t o  t h e  u s e r  o f  s a t i s f y i n g  l a n d  c o v e r  i n f o r m a t i o n  r e q u i r e m e n t s  
w i l l  be a  m a j o r  " d r i v e r "  o f  u s e r  denand.  
T h e o r e t i c a l l y ,  as demand a t  a g i y e n  p r i c e  i n c r e a s e s ,  t h e  
q u a n t i t y  demanded i n c ~ e a s e s  a t  a n  e v e n  f a s t e r  p a c e ,  p r o v i d e d  
t h a t  images  a r e  s u p p l i e d  a t  a v e r a g e  rather  t h a n  i n c r e m e n t a l  c o s t .  , . 
T h i s  i s  i l l u s t r a t e d  by F i g u r e  4 .4 .  Average  c o s t  f a l l s  f rom I : 
L e v e l  A i n  t i m e  p e r i o d  t t o  L e v e l  C a t  t i m e  p e r i o d  t + - .  However, 1 : 
g r e a t e r  t o t a l  b e n e f i t  would b e  o b t a i n e d  by s e t t i n g  t h e  image 
c h a r g e  a t  t h e  i n c r e m e n t a l  c o s t  l e v e l .  I n  f a c t ,  i f  t h e  a v e r a g e  
c o s t  o f  images  u s i n g  a i r c r a f t  i s  less  t h a n  t h e  a v e r a g e  c o s t  o f  
images  u s i n g  ERTS i n  t i m e  p e r i o d  t ,  and p r i c i n g  i s  b a s e d  on  a v e r -  
a g e  c o s t ,  t h e n  t h e  demand c u r v e  w i l l  n o t  s h i f t  t o  t h e  r i g h t  o v e r  
t i m e  a s  shown b y  F i g u r e  4 .4 .  I n  e s s e n c e ,  t h e  l o w e r  i n i t i a l  1 j 
i ,  
p r i c e  ( i n c r e m e n t a l  r a t h e r  t h a n  a v e r a g e )  a l l o w s  i n t r o d u c t i o n  o r  
" l e a r n i n g  t o  t a k e  p l a c e  a t  a f a s t e r  r a t e .  Such a  p r i c i n g  p o l -  
i c y  means t h a t  t h e  p o t e n t i a l  n e t  b e n e f i t s  o f  ERTS w i l l  b e  more 
q u i c k l y  r e a l i z e d ,  and  n e t  c o s t s  min imized .  













c: average cost (ERTS) 
3 
incremental cost 
Number of Images 
Figure 4.4 Relationship Between Demand, Cost 
and Time for ERTS-Type System 
It follows that in order to develop any reliable estimates 
of user demand on a nationwide system, it is necessary to determine 
the lowest cczt approach to acquire and process land cover infor- 
mation at various levels of user demand. This is how the present 
study will Proceed; we shall seek the optimum mix of satellite 
and high and low altitude aircraft sensor system for satisfying 
various levels of user demand. The cost-efficiency frontier will 
be developed for a nationwide land cover information system that 
should be an important aid to the various user groups in deciding 
what part of their current data requirements might most economically 
be satisfied by a national system. 
F i g u r e  4.5 d e p i c t s  i n  o v e r v i e w  fo rm,  t h e  a p p r o a c h  
t h a t  w i l l  be used  f o r  t h e  a n a l y s i s .  The a n a l y s i s  b e g i n s  
w i t h  p r o j e c t i o n s  o f  t h e  demand f o r  l a n d  c o v e r  i n f o r m a t i o n  
which e a c h  t e c h n o l o g y  s y s t e m  must  s a t i s f y  on  a n  e q u a l  c a p a b i l i t y  
b a s i s .  F o r  t h e  p u r p o s e s  of t h i s  a n a l y s i s  o n l y  demand which 
r e q u i r e s  f u l l  t a r g e t  c o v e r a g e  i s  c o n s i d e r e d .  Thus ,  demand re- 
q u i r e m e n t s  which c a n  be s a t i s f i e d  by a  p r o b a b i l i t y  s a m p l e  o f  a  
g i v e n  t a r g e t  a r e a  h a v e  b e e n  e x c l u d e d  f rom o u r  a n a l y s i s .  S e c t i o n  
4 . 3 1  w i l l  d e s c r i b e  t h e  demand p o r t i o n  o f  t h e  a n a l y s i s  i n  g r e a t e r  
d e t a i l .  
On t h e  s u p p l y  s i d e  o f  t h e  a n a l y s e s ,  t h e r e  a r e  s e v e r a l  
a l t e r n a t i v e  t e c h n i c a l  s y s t e m s  c o n s i d e r e d  f o r  t h e  a c q u i s i t i o n  and  
p r o c e s s i n g  o f  t h e  l a n d  c o v e r  u s e r  r e q u e s t e d  d a t a .  Each  t e c h n i c a l  
s y s t e m  i s  made up of  two o r  more o f  t h r e e  b a s i c  r e m o t e  s e n s i n g  
components ;  namely an  ERTS-1 t y p e  s a t e l l i t e t h i g h  a l t i t u d e  a i r -  
c r a f t  and a  g round  t r u t h  s y s t e m  which i s  d e f i n e d  t o  mean a low 
a l t i t u d e  a i r c r a f t  w i t h  g round  f o l l o w  up t eams .  T h e s e  r e m o t e  
s e n s i n g  components  ( d e s i g n a t e d  S ,  H A  a n d  GT h e r e a f t e r ) ,  a r e  
combined t o  fo rm t h e  s e v e r a l  d a t a  a c q u i s i t i o n  s y s t e m s  i n d i c a t e d  




























































































































































































































































































































































































































































































































































































































































































































































, , .._ . ,i ..-I..+. I., . *I . , 
For purposes of this analysis each of the two and three 
tier technology choices listed in Tabie 4.1 has an implied 
priority ranking,associated with the use of its constituent data 
acquisition systems. The priority ranking is defined by the 
ordering of the components of a given technology choice. For 
example, ;he S/HA/GT technology implies that in our analytical 
models the satellite component will sa+::.sfy as much of the user 
demand as is possible,consistent with its capability to meet 
the level of detail of the user information requirement, the 
user timeliness' requirement and to overcome cloud cover problems. 
Whatever portion of user demand cannot be satisfied by the 
satellite is assigned to high altitude aircraft and whatever 
demand is left unsatisfied by that component is assigned to the 
ground truth system. To illustrate, if the user demand were to 
obtain Level I1 information over one tenth the area of the 
Table4.1 Alternative Data Acquisition Systems For A 
Nationwide Land Cover Information System 




Two Tier Systems 
1. HA/GT 
2 -  S/GT 
3 .  2S/GT 
4. 3S/GT 
& 
U .  S. t l i t h i n  a  s p e c i f i c  30 day  p e r i o d  t h e n ,  g i v e n  a n  1 8  day  
s a t e l l i t e  r e v i s i t  t i m e ,  t h e  s a t e l l i t e  would  a c q u i r e  o n l y  a  
f r a c t i o n ,  s a y  q  , o f  i t s  a s s i g n e d  t a r g e t ,  where  q d a p e n d s  
t h e  amount o f  c l o u d  i n t e r f e r e n c e  t h a t  i t  e n c o u n t e r e d  o v e r  t k . 8 -  
t a r g e t  d u r i n g  1-2/3  p a s s e s .  I n  t h i s  c a s e ,  t h e  h i g h  a l t i t u d e  
a i r c r a f t  component  ( H A )  o f  t h e  S/HA/GT t e c h n o l o g y  would b e  
a s s i g n e d  t o  p r o v i d e  r e m o t e  s e n s i n g  c o v e r a g e  o v e r  t h a t  p o r t i o n  
o f  t h e  u s e r  t a r g e t  a r e a  l e f t  u n s a t i s f i e d  by t h e  s a t e l l i t e .  
Moreover,  t h e  HA component  may a l s o  f a i l  t o  c o m p l e t e  t h e  m i s s i o n  
duo t o  c l o u d  c o v e r  p r o b l e m s  a n d  t i g h t  t i m e  r e q u i r e m e n t s ;  i n  
which c a s e ,  t h e  g r o u n d  t r  . t h  component  (GT) c o n s i s t i n g  o f  low 
a l t i t u d e  a i r c r a f t  and  s u p p o r t i n g  g r o u n d  t e a m s  a r e  a s s i g n e d  t o  
c o m p l e t e  t h e  t a s k .  The s p e c i f i c  a s s u m p t i o n s  a n d  methodo logy  
t h a t  a r e  u s e d  f o r  a n a l y s i s  o f  t h e  t h r e e  t i e r  and two t i e r  
s y s t e m s  a r e  d e s c r i b e d  l a t e r  i n  S e c t i o n  4 . 3  o f  t h i s  c h a p t e r .  
F o r  now, we w i s h  t o  e m p h a s i z e  some i m p o r t a n t  f a c t o r s  c o n c e r n i n g  
u s e r  demand t h a t  i m p a c t  t h e  economic  c h o i c e  o f  which t e c h n o l o g y  
m i g h t  h e  u s e d  t o  s a t i s f y  u s e r  demand and  t o  ind ica : :  i n  
o v e r v i e w  fo rm how t h e s e  f a c t o r s  a r e  t r e a t e d  i n  t h i s  a n a l y s i s .  
F i r s t ,  t h e r e  i s  t h e  l e v e l  o f  i n f o r m a t i o n  d e t a i l  r e q u i r e -  
ments :  which  components  c a n  s a t i s f y  L e v e l  I ,  I1 and I11 
r e q u i r e m e n t s ?  The a n s w e r  o f  c o u r s e ,  d e p e n d s  upon t h e  d e f i n i t i o n  
o f  t h e  l e v e l  o f  d e t a i l  c l a s s i f i c a t i o n  scheme and t h e  p r o j e c t e d  
t e c h n i c a l  c a p a b i l i t i e s  of  t h e  v a r i o u s  s e n s o r s  and  a s s o c i a t e d  
s o f t w a r e  s y s t e m s  i n  t h e  t i m e  p e r i o d  o f  t h e  o p e r a t i o n a l  s y s t e m .  
Next, there is the question of cloud cover which when 
coupled with user timeliness requirements raises important 
trade-off questions concerning how much time to allow for the 
HA component to complete the unsatisfied portion of tile satellite 
assigned target. The shorter the HA aircraft lead time, the 
greater will be the required aircraft fleet and/or the greater will 
be the demand assigned to the ground truth. On the other hand, 
the larger the aircraft lead time, the larger will be the 
target that is assigned to the HA aircraft. 
Refering to Figure 4.5, these issues are analyzed by the 
indicated supply models. These models allocate the projected user 
demand to the S ,  HA and GT components in accordance with the 
characteristics of user demand, cloud cover problems, capabilities 
of the component sensors and operational constraints imposed on 
the analytical models. Once the demand has b e t n  allocated to 
the three basic remote sensing components, the costs of 
saLisfying these demands are calculated in the costing models 
taking into account the many investment and operating cost 
elements of each system. The basic annual cost information for 
each of the technology choices are then reassembled and compared 
in the evaluation model. 
4 . 3  Models and I n p u t s  
4 .3 .1  Demand f o r  Land ) . o v e r  I n f o r m a t i o n  
The a n a l y s i s  w i l l  s t a r t  w i t h  an e s t i m a t e  o f  u s e r  demand 
b a s e d  s o l e l y  upon t h e  p r e s e n t  day  d a t a  c o l l e c t i o n  and  p r o c e s s i n g  
r e q u i r e m e n t s  o f  F e d e r a l  a g e n c y  p rograms  t h a t  h a v e  b e e n  mandated  
by s p e c i f i c  F e d e r a l  s t a t u t o r y  r e q u i r e m e n t s  o r  t h a t  h a v e  b e e n  
i n i t i a t e d  u n d e r  F e d e r a l  e n a b l i n g  l e g i s l a t i o n .  T a k i n g  t h i s  a s  a  
minimum b a s e l i n e  demand which a  n a t i o n a l  s y s t e m  would b e  c a l l e d  
upon t o  s a t i s f y ,  t h e  a n a l y s i s  p r o c e e d s  i n  s t e p s  t o  e v e n  h i g h e r  
p r o j e c t i o n s  o f  u s e r  demand which a r e  expanded  t o  i n c l u d e  s t a t e  
and l a n d  government  a g e n c i e s ,  commerc ia l  and  a c a d e m i c  u s e r s .  
Annual  demand p r o j e c t i o n s  w i l l  b e  made o v e r  t h e  t i m e  p e r i o d  o f  
an o p e r a t i o n a l  s y s t e m .  Four  m a j o r  c h a r a c t e r i s t i c s  o f  u s e r  
demand w i l l  b e  c o n s i d e r e d  f o r  t h e s e  p r o j e c t i o n s ,  namely 
e u s e r  a p p l i c a t i o n  a r e a  c o v e r a g e  r e q u i r e m e n t  
a u s e r  t i m e l i n e s s  r e q u i r e m e n t  ( t h i s  i s  t h e  t i m e  
p e r i o d  o v e r  which t h e  i n f o r m a t i o r  must  b e  
a c q u i r e d ,  e . g . ,  -- s e a s o n a l  c o v e r a g e )  
e l e v e l  o f  i n f o r m a t i o n  d e t a i l  
8 f r e q u e n c y  o f  c o v e r a g e  
The demand p r o j e c t i o n s  a r e  b a s e d  upon t h e  a n a l y s i s  o f  
p r e s e n t  day  F e d e r a l  s t a t u t o r y  r e q u i r e m e n t s  a n d ,  more g e n e r a l l y ,  
a l l  l a n d  c o v e r  r e s o u r c e  management i n f o r m a t i o r .  n e e d s  d u r i n g  t h e  
p e r i o d  o f  an  o p e r a t i o n a l  n a t i o n w i d e  l a n d  c o v e r  i n f o r m a t i o n  s y s t e m .  
The s p e c i f i c  q u a n t i t a t i v e  d ~ ~ n ~ a n d  p r o j e c t i o n s  emp' y e d  i n  t h e  
a n a l y b i s  have  been d e s c r i b e d  i n  C h a p t e r  3 o f  t , h i s  r e p o r t .  
4.3.2 High Altitude hircraft/Groune Truth ( H A / G T )  Model 
The model for allocating user demand to either high altitude 
or low altitude aircraft with manual follow up teams is straight- 
forward and involves three major factors: the user time window re- 
quirement, the prioritxes for high and low altitude aircraft and 
problems of cloud cover. The user time window requirement estab- 
lishes the opportunity for the flexible (daily) rcdting of aircraft 
over the user target area. The time window implicitly determines 
the expected fraction of the target which would receive cloud free 
coverage by the high altitude aircraft (see the discussion on cloud 
cover below). The remaining portion of the target must be covered 
by low altitude aircraft and ground Survey teams. The high and low 
altitude aircraft priority factor allows one to assign certain types 
of targets exclusively to the low altitude aircraft thus prohibiting 
the use of high altitude aircraft for the coverage of certain types 
of targets- For example,ground truth can be forced to satisfy all 
Level I11 type coverage requirements; this constraint is employeC 
in the HA/GT model when manual interpretation methods are used. In 
addition, the nominal priority rule is to: 
1. Assign to the high altitude aircraft all targets 
having a time window requirement of more than a 
specified number of days, say m, and 
2,  Assign to the low altitude aircraft all targlts having 
less than a (m+l) day time window as well as all 
"mop up" requirements arising from incomplete cloud 
free coverage of high altitude aircraft targets. 
This nominal mode priority rule implicitly assumes that the HA 
aircraft component has a resolution capability (both spatial and 
spectral) to satisfy Level I and I1 demand requirements given manual 
interpretation and levels I *  11 and I11 information requirements 
given computer interpretation methods. All targets assigned to the 
ground truth component are assumed to be completely covered, cloud 
free, regardless of the level of information detail required. The 
third f a c t ~ r  ic the HA/GT model, cloud cover, is a major variable 
throughout this analysis. This variable, cloud cover, thus* 
requires:some general introdnctory discussion before we explain 
how it is treated in the HA/GT model. 
Cloud cover effects present a major obstacle to the 
acquisition of land cover informat..on via the remote sensing 
systems considered in this study. Historical data on the extent 
of cloud cover over the continental U.S. is presented in the 
form of a color coded map in Figure 4.6, From this map, it is 
immediately apparent that for'most of the U.S. land area, 
(yellow and purple dots) the average number of cloud free days 
(0-10% clouds from sunrise to sunset) per month is ten or less. 
Moreover, there are strong regional cloud cover effects indicated 
which result in vast contiguous areas of the U.S. (roughly 5 0 % -  
yellow dots) where the average number of cloud free days per month 
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severity of the cloud cover problem by limiting cloud free cover- 
age opportunities in several geographical areas. Further restric- 
tions of coverage opportunities by geographical region arise from 
the seasonal effects of cloud cover. Figures 4.7 and 4.8 illu- 
strates the problem by providing historical data on cloud cover 
over the U-S. during the months of January and September. 
The impact of extensive cloud coverage on remote sensing 
programs over the U . S .  .. counled w i t h  its reqional and.seasona1 
. .  . . . . 
characteristics is to significantly increase the time and/or 
cost required to obtain complete land covet information for any 
. ,  subset of the U.S.  over what would be requi-red for a continuously 
cloud free area of comparable size. To fully assess the time 
and/or cost impact of cloud cover, it would be necessary to 
undertake an exhaustive statistical study of the spatial and 
temporal distribution of clouds by seasons and regions of the 
U-S- as Well as, the distribution of cloud cover persistence 
by seasons and regions of the U . S . *  These data would have to be 
compared with an exhaustive list of user demand for land cover 
information which specifies the geographical location of the 
target area, dates during which coverage is required, level of 
information detail, etc. Finally, one would have to consider 
various operational strategies in the deployment of remote 
* Allied Research Associates, Inc. conducted an extensive analysis 
of the cloud cover problem in a report to NASA, "Worldwide Cloud 
Cover Distribution for Use in Computer Simulations," NASA 
CR 61226, June 14, 1968. This analysis of the statistics of 
. I :  
cloud cover did not however include a corresponding analysis 






sensing systems to acquire the necessary information. Hulti- 
stage sampling is one such important strategy, wherein a 
satellite, high and low a:titude aircraft are used to cover 
only portions of the target area and yet can obtain sufficient 
information to satisfy the users requirement. Forest inventor- 
ies provide a typical example of the potential applications of 
multistage sampling. A recent ERTS-1 experiment,* showed that 
ERTS digital tape data could successfully discriminate forest 
from non-forest land aad thus provide a basis for selecting 
primary sampling units for the first stage of a multistage 
forest inventory information sampling system. 
We have not undertaken such an extensive analysis f 
the cloud cover problem in this study. Instead, we have made a 
number of simplifying assumptions concerning the cloud cover 
problem in order to gain some immediate insight into the po- 
tential time and/or cost impact of this factor on the several 
remote sensing technologies under consideration. 
High Altitude Aircraft Cloud Cover Assumptions: 
1. All user demand must be satisfied by imagery which 
is cloud free, defined henceforth as either (0 - 30% 
clouds) or alternatively as (0 - 108) clouds. 
* UN-257, Center for Remote Sensing Research, Berkely 
(Nichols, et al.) 

2. All user demand is considered to be scheduled 
(non-random) demand. This implies that an aircraft 
has been a s s i g ~ e d  to cover a target over a specified 
time period and further that efforts can and will 
be made to inquire which areas of the targets are 
cloud free on any given day. This permits the air- 
craft to fly the target in a manner to minimize-the 
effects of cloud cover, i.e., it flies the cloud free 
areas first. To further enhance the flexibility of 
1 r 
i ' 
I - 3. Cancerning expected cloud free coverage versus user i ;  I I 
' : 
time window requirement, the following two sets of 
, : . 
the high altitude aircraft to cover the target cloud , 
9 .  
numbers in Table 4.2 will be used. 
free, the aircraft fleet assigned t o  the target will be , 
120% of the minimum required fleet for target coverage 
4 . 3 . 3  Satellite/High Altitude/Ground Truth (S/HA/GT) Model 
. 
There are several factors in S/HA/GT model which det rmine 
the manner by which demand is allocated to the remote sensing com- 
ponents of this technology. Each of these is discussed below. 
during perfect cloud free weather. I ,  
The capability of the satellite to satisfy the level of 
information detail of user demand varies depending upon the inter- 
pretation method that is used. For manual interpretation, ERTS 
can provide Level I information only, while for computer 
(automatic) interpretation, ERTS can provide both Level I and 
Level I1 information. In this manner the capability of the 
Satellite as determined by the data interpretation method used 
defines the user demands which the satellite attempts to satisfy. 
r 
Table 4.2 High Altitude Aircraft - Average 
Percentage of Cloud Free Target 
Coverage vs User Time Window 
Requirement 
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9 4 - 0 ~  90 .0  
8 5 . 0  
78 .0  
75 .0  
70 .0  
( 0  - 101) 
99.9 
9 9 . 0  
9 0 . 0  
8 2 . 0  
7 7 . 0  
7 0 . 0  
60. 0 
5 6 . 0  
5 0 . 0  
* 
The number o f  s a t e l l i t e s  i n  o r b i t  d e t e r m i n e s  t h e  s a t e l l i t e  
s y s t e m  r e v i s i t  o r  c y c l e  t i m e .  With a  one  s a t e l l i t e  ERTS-1 t y p e  
s y s t e m ,  t h e  c y c l e  t i m e  i s  1 8  d a y s ,  w h i l e  t h e  assumed c y c l e  t i m e  
f o r  a  Lwo and t h r e e  s a t e l l i t e  s y s t e m  is  n i n e  d a y s  and  s i x  d a y s  
r e s p e c t i v e l y .  The c y c l e  t i m e ,  c o u p l e d  w i t h  t h e  u s e r  t i m e  window 
r e q u i r e m e n t  and  t h e  assumed p r o b a b i l i t y  o f  a c l o u d  f r e e  s a t e l l i t e  
p a s s ,  d e t e r m i n e s  t h e  a v e r a g e  p e r c e n t a g e  o f  c l o u d  f r e e  t a r g e t  
c o v e r a g e  t h a t  i s  a c h i e v e d  by t h e  s a t e l l i t e  and  t h e  t a r g e t  area 
r e m a i n i n g  t o  b e  c o v e r e d  by t h e  HA a n d / o r  GT component  (see 
s u b s e q u e n t  c l o u d  c o v e r  d i s c u s s i o n ) .  
Time Windox 
A s  p r e v i o u s l y  n o t e d ,  u s e r  demand i s  assumed t o  h a v e  an  
a s s o c i a t e d  t i m e l i n e s s  r e q u i r e m e n t  which s p e c i f i e s  t h e  number of d a y s  1 i 
d u r i n g  which t a r g e t  c o v e r a g e  i s  r e q u i r e d .  The l a s t  d a y  o f  t h e  u s e r  I 
i 
t i m e  window i s  r e s e r v e d  f o r  g r o u n d  t r u t h  c o v e r a g e  o f  t h e  t a r g e t  j 
a r e a  n o t  p r e v i o u s l y  c o v e r e d  by e i t h e r  t he  s a t e l l i t e  o r  t h e  HA 
a i r c r a f t .  The s a t e l l i t e  is  assumed t o  b e  a c t i v e  f o r  a l l  b u t  t h e  
l a s t  d a y  o f  t h e  u s e r  t i m e  window w h i l e  t h e  HA a i r c r a f t  i s  a s s i g n e d  
t o  t h e  t a r g e t  d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  u s e r  t i m e  window (see 
t h e  s u b s e q u e n t  d i s c u s s i o n  on  HA a i r c r a f t  l e a d  t i m e ) .  
Cloud Cover 
F i g u r e  4 . 9  p r o v i d e s  a map d i s p l a y  o f  t h e  number o f  c l o u d  






Figure  4 . 9  E R T S - ~  c l o u d  r r c c  covcrnqc  (0-30')  
( ~ - , ~ ~ ~ h - j u l y ,  1 0 7 2  t h r u  Ucc.  31, 1 9 7 3 )  
.. 
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g e o g r a p h i c a l  r e g i o n s  o f  c o n t i n e n t a l  U S .  and  A l a s k a  i '  
1. 
d u r i n g  some 3 0  p a s s e s  o f  ERTS-1 o v e r  t h o  U.S. ( J u l y  1972  - 
December 31 ,  1 9 7 3 ) .  Based upon t h e s e  d a t a ,  w e  h a v e  assumed f o r  
t h i s  a n a l y s i s  t h a t  on any o n e  p a s s  o v e r  t h e  U.S., t h e  s a t e l l i t e  
w i l l  o b t a i n  f i f t y  p e r c e n t  r . f  3 t.; f r a m e s ,  c l o u d  f r e e  ( 0  - 3 0 % ) ,  a n d  
30% o f  i t s  f r a m e s  c l o *  1 f r e e  ( 0  - 1 0 % ) .  Moreover ,  w e  assume t h a t  
f o r  s u c c e s s i v e  p a s s e s  o f  t h e  s a t e l l i t e  o v e r  a  g i v e n  r 2 g i o n  ( w h e t h e r  
t h e  c y c l e  t i m e  is 1 8  o r  9 o r  6 d a y s ) ,  c l o u d  c o v e r  i s  i n d e p e n d e n t .  
T h i s  a s s u m p t i o n  l e a d s  i m m e d i a t e l y  t c ,  a  c o n v v n i e n t  f o r m u l a  f o r  d e t e r -  
m i n i n g  t h e  a v e r a g e  p e r c e n t a g e  o f  a  t a r g e t  (PI t h a t  i s  c o v e r e d  c l o u d  
f r e e  by t h e  s a t e l l i t e .  
L e t  
TW = u s e r  t i m e  r e q u i - e m e n t  i n  d a y s  f o r  c o v e r a g e  o f  a n  
a r e a  
q = p r o b a b i l i t y  o f  a  c l o u d e d  ERTS f r a m e  
p = 1-q = p r o b a b i l i t y  o f  a  c l o u d  f r e e  ERTS f rame  
c 3 c y c l e  t i m e  = 18 days/number o f  s a t e l l i t e s  i n  o r b i t  
i, 
r - [ TW] l a r g e s t  i n t e g e r  c o n t a i n e d  i n  (TW/s) 
= t h e  number o f  c o m p l e t e  s t a t e l l i t e  p a s s e s - o v e r  t h e  
t a r g e t  w i t h i n  t h e  t i m e  window TW 
= fraction of an additional satellite pass over 
the U.S. that can be completed within the time 
window TW 




P = In(l-f)t (1-q + (*f) (l-qr+l 1 i , , 
T i T I \ ! 
P = (1-qr) + f 'qr (1-q) ( 2 )  
Using equation (I), Table 4.3 contrasts the expected cloud 
free coverage attainable with single and multiple satellite 
systems with that attainable via high altitude aircraft for 
various user time window requirements. 
The justification of equation (1) can most easily bd 
,explained by reference to Figure 4.10 which illustrates tbe 
problem of satellite coverage of the full U.S. i.e. rn = full 
U.S. The probability of cloud free ERTS frame over any area of 
the U.S. for a single pass of ERTS is p = (1-q) and for k 
k independent passes of ERTS is (1-q ) .  For the two mutually 
exclusive regions of the U . S . ,  (f r) and (1-f) n which are 
covered by r and (r+l) passes respectively, the average cloud 
free area covered in each region is (f n) (l-qr) and (1-f) a 

(I-~') respectively. The expected cloid free coverage of the 
total target area is therefore the sum of these two components. 
In the case of a target f which is only a subset of the total 
U.S. area, equations (1) and (2) are still applicable because 
with respect to the fractional pass of the satellite over the 
U.S. after r complete passes, the target f is treated as being 
randomly located within the U.S. area. 
High Altitude Aircraft Lead Time 
When the HA aircraft operates in the mode of * m o p ~ i n ~  UP* 
after the satellite, the problem arises as to how many days to 
allocate to the HA aircraft to attempt this task. If an area 
of say five percent of the U.S. is expected to remain after the 
satellite has completed its last full pass over the U.S. and 
if there remained only 2 days for the HA aircraft to attempt 
to co.2lete the mop up task, then it would be necessary to 
acquire a relatively large fleet of aircraft to corer the 
remaining area in a two day period. This can of course lead to 
- 
gross inefficiencies in terms of the fleet size. One alternative 
would be to assign the mcp up task to the ground truth system, 
b x t  the relatively high incremental cost per square mile of 
coverage makes this alternative undesirable. The preferred approach 
is to establish and reserve a minimum aircraft lead time which 
r e s u l t s  i n  a n  e c o n o m i c a l  a l l o c a t i o n  o f  t h e  s a t e l l i t e  mop u p  t a s k  
t o  b o t h  t h e  HA a n d  t h e  GT components .  The i d e a  i s  t o  r e s e r v e  
t h e  l a s t  m d a y s  o f  t h e  t o t a l  u s e r  t i m e  window, TW, f o r  mop up 
c o v e r a g e  by t h e  HA component a n d  t o  r e s e r v e  t h e  l a s t  d a y  o f  t h e  u s e r  
t i n e  window t o  GT mop up a f t e r  t h e  HA component. I f  i t  h a p p e n s  
t h a t  f o r  a  p a r t i c u l a r  t y p e  o f  u s e r  demand, t h e  v a l u e  o f  m is a t  
l e a s t  as l a r g e  as t h e  u s e r  t i m e  window TW, t h e n  t h e  c o v e r a g e  o f  
t h e  u s e r  t a r g e t  area is l e f t  e n t i r e l y  t o  t h e  GT component.  On t h e  
o t h e r  hand,  i f  t h e  v a l u e  o f  m is less t h a n  TW, t h e  HA s y s t e m  w i l l  
be s i z e d  t o  c o v e r  t h e  t a r g e t  area o n c e  d u r i n g  t h e  m d a y  p e r i o d  a n d  'L) 
t h e  G T  component w i l l  be a s s i g n e d  t o  mop up t h a t  p o r t i o n  o f  t h e  
t a r g e t  where  c l o u d  f r e e  c o v e r a g e  w a s  n o t  o b t a i n e d  f rom t h e  HA 
component. 
T h e r e  i s  o n e  f u r t h e r  c o n s i d e r a t i o n  t h a t  s h o u l d  be 
p o i n t e d  o u t  c o n c e r n i n g  t h e  u s e  o f  t h e  HA a i r c r a f t  lead t i m e  i n  t h e  
S/HA/GT s u p p l y  models.  I f  t h e  HA component is u s e d  t o  mop up 
a f t e r  t h e  s a t e l l i t e  a n d  i f  t h e  s a t e l l i t e  s y s t e m  i s  n o t  t u r n e d  o f f  
d u r i n g  t h e  m d a y  HA c o v e r a g e  p e r i o d ,  t h e n  t h e r e  w i l l  b e  r e d u n d a n t  
t a r g e t  c o v e r a g e  d u r i n g  t h e  m day  p e r i o d .  I n . p r a c t i c e ,  r e d u n d a n t  
t a r g e t  c o v e r a g e  s h o u l d  b e  p e r m i t t e d  s i n c e  t h e  s a - t e l l i t e  a n d  HA com- 
ponent n e e d  n o t  b e  i m a g i n g  t h e  same ' a rea  o f  t h e  t a r g e t  on  t h e  s a m e  
day.  The r e d u n d a n t  c o v e r a g e  is  t h e r e f o r e  d e s i r a b l e  s i n c e  it w i l l  
i n c r e a s e  t h e  p e r c e n t a g e  o f  t h e  t a r g e t  t h a t  i s  a c q u i r e d  c l o u d  f r e e  
without resorting to the relatively expensive GT system. The redun- 
dant coverage however may result in some duplication of cloud free 
coverage; the model therefore has made provisions for subtracting 
out the expected d-~plication when computing the average cloud free 
coverage of the target acquired by the satellite and 'the high 
altitude components. With this type of procedure imbedded in the 
logical structure of the S/HA/GT model, one can explore the econonic 
implication of various values of the aircraft lead time, m, via 
separate runs of the noeel. 
HA Aircraft/Ground Truth Priority 
This factor is treated in the S/HA/GT model in much the 
same way as it is in the HA/GT model., previously discussed. It 
is used more extensively in S/HA/GT model however. One new 
application of the HA/GT priority factor in this context is to 
eliminate the HA component altogether, thus creating a S/GT model 
or a 2S/GT or 3S/GT model. Another role played by this factor is 
to designate the levels of information detail which each component, 
S, HA and GT is allowed to satisfy. The allocation of demand by 
level of detail requirements differs depending upon whether a 
manual or automatic data processing capability is used. 
Table 4.4 indicates the projected capability cf the various sensors 
in the post 1977 time frame for both manual and automatic processing. 
Table 4.4 Projected Sensor Capabilities 
For Acquiring Information At 
Various Levels of Detail I 
Manual P r o c e ~ s i n g  I A u t o m a t i c  ( C o m p u t e r )  P r o c e s s i n g  I 
ERTS HA CT 
L e v e l  I J J 4 
L e v e l  11 d 4 
4 . 3 . 4  Satellite Cost Model 
T h e  satellite cost models receive as input a statement of 
the number of satellites simultaneously in orbit during the 
operational period of 1977-1993 and a statement of the average 
quantity of cloud free Level I and Level I1 information provided 
by the satellites for each year of the operational period. This 
information permits calculation of the annual satellite costs 
(investment and operations) that would be incurred over the 
operational period. A description of the satellite system and 
the constituent cost elements used in the costing model follows. 
The s a t e l l i t e  system is assumed to employ ERTS-1 like 
spacecraft equipped with a Multispectral Scanner, Panchromatic 
Return Beam Vidicon and two wide beam video tape recorders in 
order to permit global coverage. There will be two tracking and 
adta acquisition stations and the data processing will be all 
digital. The major cost elements of the satellite system are 
ERTS HA GT : 
L e v e l  I J . J J i 
L e v e l  XI 4 
4 L e v e l  XII L e v e l  1x1 4 4 
defined in Table 4.4. Cost estimates for the investment and 
operations elements have been extracted from an earlier NASA 
docunenti and are provided in detail in A?pendix 111. 
(Tables 2, 3 and 4 of Appendix I11 provide annual phased program 
costs for a one, two or three satellite system.) User Product 
Processing Costs have been estimated from several sources 
(see Appendix 111 for details). 
We summ.=rize in Table 4.5 the cost estimates included 
in the 3atellite cost model. Though these summary cost estimates 
provide a useful guide to interpretation of the stu&jr resu l t s ,  the 
reader is cautioned to bear in mind that the actual time phasing of 
these costs over the program is not a uniform one. For example, 
most of the satellite investment costs is assumed to be incurred 
two years prior to satellite launch. Thus, the use of an average 
annual satellite cost over the period 1977-1993 can be misleading. 
Reference should be bade to Appendix I11 for actual time phased 
costs that are used in the satellite cost model. 
4.3.5 High Altitude Aircraft Cost Model 
Cost data for all HA aircraft system elements are developed 
primarily as function of the number of aircraft and types of their i 
I 
bases, and flight hours per year per vehicle. Cost components 
have been subdivided into the following categories: 
Earth Resources Survey (ERS) Operation System Study Final Report 
Table 4.5:  Major Cost Elements PY the Satellite System 
I 
P 





Operating Control Center (OCC) 
Data Processing Pacilities (DPP) 






UASA Civil Service Cost 
User,Ptoduct Processing Costs 
nanua1 Interpretation 
Automatic (Computer).Interpr~tation 
a. Investment (Initial) costs; including acquisition of 
, . 
aircraft and sensors, modification of aircraft or sensor installation 
and acquisition of the required facilities to house and operate the 
aircraft fleet (i.e. hangers, offices, shops, ground equipment, etc.). 
b. Variable Annual Operational Costs; are those which 
tend to increase most directly with the use or output of a given 
unit (i.e. personnel, aircraft spaces, maintenance, fuel and 
sensor spaces) 
The specific cost estimates for each system component are 
given in Appendix 111. To ass is^ the reader in the interpretation 
of the study results, we summarize below major costing assumptions 
and the HA aircraft cost. .data. 
Aircraft Bases 
The cost model assumes the cost of three HA aircraft 
bases, one main base in Denver, one remote base in Dayton, and 
one staging base in Alaska. The staging base esgecially allows 
fueling stops while the main atid remote bases are fully 
operational, staffed with operating and maintenance personnel. 
The investment and operating cost of the bases are assumed to be 
dependent upon the size of the aircraft fleet that is required. 
Summary cost data is provided in Table 4.5. 
HA A i r c r a f t  Assumpt ions  
The HA a i r c r a f t  assumed f o r  t h i s  s t u d y  i s  t h e  U-2. T h i s  
a i r c r a f t  i s  assumed to b e  e q u i p p e d  w i t h  a  5 c h a n n e l  MSS and a  
Tabla 4 .6  Summary of Satellite Cost Estimates 
(Millions of Undiscounted 1973 ~ollars) 
s i x  i n c h  metric camera  and is  p r o c u r e d  by a  t e n  y e a r  l e a s i n g  
a g r e e m e n t  a t  $840,000 p e r  y e a r  e x c l u s i v e  o f  s e n s o r  c o s t s .  Each 
a i r c r a f t  i n  t h e  f l e e t  c a n  b e  u t i l i z e d  u p  t o  a maximum o f  
1000 f l i g h t  h o u r s  p e r  y e a r  a t  a  maximum r a t e  o f  f i v e  h o u r s  e v e r y  
o t h e r  d a y  (of which f o u r  h o u r s  i s  t h e  maximum a i r c r a f t  imag ing  
t i m e ) .  
Number of Siaultaneously 
Active Satellites in Orbit 
Investment Cost 
Operating Cost 
Civil Service Cost 
Total (Sxclusive of User Products) 




Level I - Scale 1:500,000 
Level I1 - Scale 1:125,000 
1 
1 2 3 
258.0 464.0 645.0 
84.0 1lZ:O 150.0 
26.0 40.0 58.0 
368.0 621.0 853.0 








The s i z i n g  of the  a i r c r a f t  f l e e t  i s  accomplished v i a  
ou tpu ts  from t h e  S/HA/GT and the  HA/GT models which spec i fy  t h e  
t a r g e t  area  t o  be covered by the  HA a i r c r a f t  and the  time per iod 
dur ing which coverage i s  required.  Given a  s p e c i f i c  a i r c r a f t  
t a r g e t  requirement, the  procedure used t o  determine t h e  f l e e t  s i z e  
i s  a s  follows: 
F l e e t  S i ze  - [  "" ] + 1 
e - h - a - w  
where, 
[d .= the  l a r g e s t  i n t e g e r  contained wi th in  t h e  
value of x .  
A = t a r g e t  a r e a  t o  be covered. 
f = f a c t o r  t o  increase  t h e  a i r c r a f t  f l e e t  
over the  minimum f l e e t  required dur ing 
p e r f e c t  cloud f r e e  weather ( f  = 1 . 2  
throughout t he  a n a l y s i s )  
w 3 HA a i r c r a f t  t ime window. 
h  = maximum imaging hours per a i r c r a f t  
f l i g h t  = 4hours 
e = f l i g h t  e f f i c i e n c y  o r  t he  average f r a c t i o n  
of the  maximum a i r c r a f t  imaging time which 
i s  achieved by an HA a i r c r a f t  on any given 
f l i g h t .  This f a c t o r  i s  assumed t o  depend 
upon the  s i z e  of and s p a t i a l  
distribution of the target to be covered. 
For large contiguous area target, the 
flight efficiency is assumed to be high 
while for relatively small wmop up" 
targets the efficiency is assumed to be 
low since the aircraft may be required to 
expend some of its allowable imaging time 
traveling between spatially disjoint areas 
of the carget. The specific assumptions 
made wit.h respect to flight efficiency 
are 
e = 90% for < full U.S. target 
- 
= 88% for c 1/10 U.S. target 
- 
= 60% for - C 1/100 U.S. target 
= 30% for < 1/1000 U.S. target 
- 
a = incremental area covered by one U 2  during 
one hour of flight = 12537 - km2. This figure - 
is based upon an aircraft speed of 710 km/hr, 
, f 
a swath width of 19.6 km and 10% sidelap. 
? 
It should be noted that the above formula determines the 
necessary fleet size to cover a target of size A once during a time I i 
, I  
window of w. In general, however, user demand may require multiple 
coverage of targets of size A within time window w in any given 
y e a r .  If  a  f l e e t  o f  s i z e  no i s  s u f f i c i e n t  t o  c o v e r  a n  a r e a  o f  
S i z e  A d u r i n g  w d a y s ,  t h e n  t h i s  same f l e e t  !s a d e q u a t e  t o  p r o v i d e  
r e p e a t e d  c o v e r a g e  o f  s u c h  t a r g e t s ,  up  t o  ko = f365/wl r e p e t i t i o n s .  
I f  t h e  f r e q u e n c y  o f  u s e r  dexand  i n  a n y  o n e  y e a r  f o r  c o v e r a g e  o f  
t a r g e t s  o f  s i z e  A d u r i n g  a  window w d a y  e x c e e d s  kg, t h e n  a d d i t i o n a l  
p l e n e s  w i l l  b e  r e q u i r e d .  
The HA a i r c r a f t  c o s t  model  makes u s e  o f  s i m p l e  arithmet.ic 
p r o c e d u r s s  i n  o r d e r  t o  d e t e r m i n e  t h e  t o t a l  f l e e t  s i z e  n e e d e d  t o  
c o v e r  a l l  t a r g e t s  o f  s i z e  A w i t h  t i m e  window r e q u i r e m e n t s  o f  w. 
Moreover,  a s  p r e v i o u s l y  n o t e d ,  u s e r  demand i n p u t s  p r o v i d e  f o r  as  
many a s  t w e l v e  d i f f e r e n t  t y p e s  o f  t a r g e t s  a n n u a l l y .  T h e s e  a r e  
c o m p r i s e d  o f  f o u r  d i f f e r e n t  s i z e  a r e a s  a t  t h r e e  l e v e l s  of i n f o r m a -  
t i o n  d e t a i l  w i t h  e a c h  c o m b i n a t i o n  h a v i n g  some a s s o c i a t e d  u s e r  t i m e  
window r e q u i r e m e n t .  C o n s e q u e n t l y ,  t h e  'HA a i r c r a f t  c o s t  model  a l s o  
i n c o r p o r a t e s  a r i t h m e t i c  p r o c e d u r e s  f o r  d e t e r m i n i n g  t h e  t o t a l  f l e e t  
r e q u i r e m e n t s  i n  any  g i v e n  y e a r  by "summing" o v e r  t h e  f l e e t  s i z e  
r e q u i r e m e n t  f o r  e a c h  o f  t w e l v e  d i s t i n c t  t y p e s  u s e r  demands.  More 
p r e c i s e l y ,  s t a r t i n g  wi t t i  t a r g e t  k=o t h e  model d e t e r m i n e s  t h e  f l e e t  
s i z e  r e q u i r e m e n t s  f o r  t a r g s t  ( k + l ) ,  c h e c k s  t o  see w h e t h e r  t h e  unused  
c a p a c i t y  o f  t h e  e x i s t i n g  f l e e t ,  yk ,  i s  s u f f i c i e n t  t o  c o v e r  t a r g e t  
( k + l ) ,  and  i n c r e m e n t s  t h e  e x i s t i n g  f l e e t  t o  a l e v e l  yk+l s u f f i c i e n t  
t o  s a t i s f y  t h e  r e q u i r e m e n t s  o f  th t?  f i r s t  ( k + l )  t a r g e t s .  The p r o c e s s  
i s  r e p e a t e d  u n t i l  t h e  f l e e t  s i z e  r e q u i r e d  t o  o b t a i n  a l l  t w e l v e  t a r g e t  





















such a facility for automatic data processing are: a setup cost 
of $5.9M, and a fixed annual cost of S0.8M. The corresponding 
costs for manual data processing are S1.1M and C.944M, respec- 
tively. 
Table 4.7 ' High A l t i t u d e  A i r c r a f t  (02) C o s t s '  
' . (Thousands  o f  1973 D o l l a r s )  
J a i t i a l  S e t  Up C o s t s  
Main Base 
Remote Base 
S t a g i n g  Base 
A i r c r a f t  I n s t a l l a t i o n  
S e n s o r s  
8 
A i r c r a f t  Leas ing  Charges  
F ixed  Annual C o s t s  
Hain  Base 
Remote Base 
V a r i a b l e  Annual C o s t s  
Main Base 
Remote Base 
S e n s o r  S p a r e s  
. S e n s o r  Techniques  
User  P roduc t  P r n c e s s i n g  C o r t s  
Leve l  I S c a l e  1 r 500,000 
Leve l  I1 S c a l e  ltl25,OOO 
. L e v e l  111 S c a l e  1824,000 
l o t e a  n - s i z e  o f  HA a i r c r a f t  
803 + 202.n 
' 675 + 19S.n 
675 + 195.n 
2OO.n 
260 .n 
2153 + 1052.n 
840.n 
1 0 5  
1 0 5  
278 + 722.n4 
240 + 805.n4 
26 .n* 
50 + 30.n* 
568 + 1583.n4 
Manual Automa'ted 
Technique  Technique  . 
1.13 . 80 
1.60 9 7  
N A 1. 42 
f e e t  
n* - p o r t i o n  o f  t h o  HA f l e e t  a c t u a l l y  u s e d  i n  
any one  y e a r .  
4 .  3 .6  Ground Truth Cost Model 
I n  t he  ground t r u t h  mcdel we assume t h a t  a l l  des i red  
low a l t i t u d e  a i r c r a f t  coverage w i l l  be con t rac ted  t o  a com- 
mercial  f i r m  on the  b a s i s  of a  per square mile of coverage. 
There a r e  many f a c t o r s  governing such p r i c e s ,  and i t  i s  common 
t h a t  p r i c e s  w i l l  vary SeaS0nally and from f i rm t o  firam. ' Based 
up;n t h e  information given i n  Appendix I11 ( i n  1973 4 o l l a r s )  
f o r  acqui r ing  information a t  s c a l e  of  1:24,000 i s  est imated 
a t  $6 per  square mile. user' Product Processing Costs f o r  the 
Ground T r u t h  Component Care shown i n  Table 4 . 7 .  For low 
a l t i t u d e  a i r c r a f t ,  manual i n t e r p r e t a t i o n  of land cover da t a  
i s  assumed. 
A 
2 Table 4.8 User Product Processing Costs . - Low 










4.3.7 L i f e  C y c l e  C o s t  Computa t ions  
I n  o r d e r  t o  o b s e r v e  t h e  c o m p l e t e  e f f e c t s  o f  t e c h n o l o g y  
c h o i c e s  and  demand v a r i a t i o n s ,  s e v e r a l  compute r  r u n s  o f  t h e  
model w e r e  made. I n c l u d e d  i n  t h e s e  r u n s  was t h e  aEsumpt ion  
t h a t  t h e  s y s t e m  i n i t i a t i o n ,  t h a t  i s  t h e  i n i t i a l  s e t u p  i n c l u d i n a  
p rocurement  a n d  m o d i f i c a t i o n  o f  t h e  s e n s o r s  a n d  t h e i r  
a s s o c i a t e d  f a c i l i t i e s ,  w i l l  b e g i n  i n  1975  a n d  t h a t  t h e  o p e r a t i o n a l  
demand w i l l  b e g i n  i n  1977 and  c o n t i n u e  t h r o u g h  1993.  The two 
y e a r  p h a s e  i n  p e r i o d  a l l o w s  f o r  t h e  o p e r a t i o n a l  s y s t e m  t o  be 
r e a d y  i n  1977. 
The l i f e  c y c l e  c o s t s  o f  t h e  s y s t e m s  w e r e  computed i n  
b o t h  t h e  u n d i s c o u n t e d  b a s e  a n d  d i s c o u n t e d  t o  1 9 7 4  a t  101 .  The 
d i s c o u n t e d  v e r s i o n  l e n d s  i n s i g h t s  i n t o  t h e  t o t a l  p rogram 
costs w h i l e  t h e  u n d i s c o u n t e d  v e r s i o n  i l l u s t r a t e s  t h e  a c t u a l  
c o s t  v a r i a t i o n s  i n  y e a r  t o  y e a r  o p e r a t i o n s -  
The o u t p u t s  f o r  t h e  compute r  a n a l y s e s  a r e . p r e s e n t e d  i n  
Appendix I V .  Each computer  r u n  i s  d i v i d e d  i n t o  t w o  m a j o r  sec- 
t i o n s ,  e a c h  s e c t i o n  h a v i n g  t h e  same t h r e e  components.  The f i r s t  
ma jor  s e c t i o n  i s  t h e  u n d i s c o u n t e d  c o s t s ,  and  t h e  s e c o n d  i s  
t h e  d i s c o u n t e d  c o s t s .  The f i r s t  component o f  e a c h  s e c t i o n  is 
a  summary o f  t h e  t o t a l  y e a r l y  costs  i n  RDT&E, I n v e s t m e n t ,  
.and O p e r a t i o n s  ( a c t i v i t y  l e v e l  d e p e n d e n t ,  a n d  a c t i v i t y  l e v e l  
i n d e p e n d e n t ) .  The n e x t  two components  a r e  t h e  d e t e i l e d  
breakdowns f o r  t h e s e  c o s t s  d i s t r i b u t e d  t o  t h e  s a t e l l i t e ,  h i g h  
a l t i t u d e  a i r c r a f t ,  and g r o u n d  t r u t h  s y s t e m s ,  
F o r  t h e s e  a n a l y s e s  w e  h a v e  assumed t h a t  a l l  RDThE 
s p e n d i n g  h a s  bee? c o m p l e t e d  b e f o r e  1974 a n d  t h a t  t h e r e  w i l l  be 
no f u r t h e r  RDT&E e f f o r t s  f o r  any o f  t h e  s e n s o r s .  The 
I n v e s t m e n t  c o s t s  c o r r e s p o n d  t o  b o t h  t h e  i n i t i a l  s e t u p  costs o f  
t h e  f a c i l i t i e s  r e q u i r e d  t o  h o u s e  a n d  o p e r a t e  t h e  s e n s o r s ,  
a n d  t h e  y e a r  t o  y e a r  c h a n g e s  t o  p r o c u r e  new sa te l l i t e s ,  
a i r c r a f t  l e a s i n g ,  etc.  The a c t i v i t y  l e v e l  d e p e n d e n t  costs are 
t h o s e  which v a r y  mo-3% d i r e c t l y  w i t h  t h e  l e v e l  of a c t i v i t y  o f  
t h e  s e n s o r .  T h e s e  c o s t s  c o r r e p s o n d  t o  t h e  m a i n t e n a n c e ,  
f u e l i n g ,  a n d  p e r s o n n e l  r e q u i r e d  t o  s u s t a i n  t h e  r e q u i r e d  
u t i l i z a t i o n  l e v e l .  I n c l u d e d  a l s o  i n  t h e s e  c o s t s  is t h e  
i n t e r p r e t a t i o n  a n d  p r o d u c t i o n  c o s t s  r e q u i r e d  to  p r o v i d e  t h e  
l a n d  c o v e r  i n f o r m a t i o n  t o  t h e  v a r i o u s  u s e r s ,  T h e a c t i v i t y  
l e v e l  i n d e p e n d e n t  c o s t s  a re  t h o s e  which  d o  n o t  v a r y  a s  a 
f u n c t i o n  o f  t h e  u t i l i z a t i o n  o f  t h e  f a c i l i t y  o r  o f  t h e  
s e n s o r s .  They c o r r e s p o n d  t o  t h e  c o s t  r e q u i r e d  f o r  t h e  b a s i c  
management o f  t h e  f a c i l i t i e s .  
P r e s e n t e d  a l o n g  w i t h  e a c h  o f  t h e  c o s t  breakdowns is  
a  d e s c r i p t i o n  o f  t h e  demand and  t e c h n o l o g y  f o r  w h i c h  t h e  
r e s p e c t i v e  t a b l e s  a r e  c r e a t e d .  By c a r e f u l l y  e x a m i n i n g  t h e  
o u t p u t s ,  o n e  is a b l e  t o  o b s e r v e  i n  t h e  c o s t  d i f f e r e n c e s  t h e  
e f f e c t s  o f  t h e  s y s t e m  c h a r g e s .  
4.4 Results 
Life cycle costs were computed for each of the two and 
three tier data acquisition systems previously described. Total 
I program cost comparisons were made for the alternative systems 
(1) over a range of land cover demand levels, (2) using automatic 
and manual data processing and interpretation techniques and 
(3) under two different user cloud cover requirements. The basic 
problem underlying and guiding these life cycle cost comparisons 
was to determine under which conditions of user demand (area of 
coverage, frequency of coverage. timeliness of information and 
level of information detail) an ERTS type satellite would be cost 
effective and, if SO. what would be the annual cost savings benefits. 
Our analysis begins by considering only Federal user 
agency demand for land cover information under existing Federal 
statutes. Next, we address the national resource management 
information needs of all user groups, Federal and otherwise. 
For this case, demand projection in the post-1977 time frame are 
highly uncertain; thus a parametric demand-cost analysis is 
made. Finally, in order to estimate the likely cost savings 
benefits of ERTS we evaluate the system alternatives for three 
particular demand scenarios which we believe will bracket the 
actual national demand for land cover information in the post- 
! 
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b ,  
4 .4 .1  T o t a l  Program C o s t s  t o  S a t i s f y  F e d e r a l  S t a t u t o r y  Demand 
For  Land Cover I n f o r m a t i o n  
The a n a l y s i s  o f  t o t a l  program c o s t s  t o  s a t i s f y  F e d e r a l  
s t a t u t o r y  demand f o r  l a n d  c o v e r  i n f o r m a t i o n  f o c u s e d  o n  t w o  d i s t i n c t  
t i m e  f r a m e s ,  1974 and  1977.  Though F e d e r a l  s t a t u t o r y  demand i n  
t h e  1974 t i m e  frame i s  n o t  d i r e c t l y  r e l e v a n t  t o  t h e  q u e s t i o n  o f  
t h e  c o s t - e f f e c t i v e n e s s  o f  ERTS i r i  t h e  c o n t e x t  o f  a n a t i o n a l  l a n d  
c o v e r  i n f o r m a t i o n  s y s t e m  i n  t h e  pos t -1977  t i m e  f r ame;  n o n e t h e l e s s ,  
it d o e s  p r o v i d e  a u s e f u l  p o i n t  o f  d e p a r t u r e  f o r  s u c h  a n  a n a l y s i s .  
The m a g n i t u d e  and  t h e  m a j o r  c h a r a c t e r i s t i c s  o f  F e d e r a l  s t a t u t o r y  
demand i n  1974  a n d  1977 w e r e  d e f i n e d  i n  C h a p t e r  3,  S e p a r a t e  
demand matrices were  g i v e n  f o r  t w o  F e d e r a l  agency  u s e r  g r o u p s ,  
t h e  " l a n d  u s e  p l a n n i n g  community* a n d  a l l  " l a n d  c o v e r  u s e r s "  
(see T a b l e s  3.3 t h r o u g h  3 .5 ) .  R e s u l t s  o f  t h e  a n a l y s i s  o f  t h e  c o s t  
t o  s a t i s f y  t h e s e  d i f f e r e n t  u s e r  demand l e v e l s  w i t h  e a c h  
a l t e r n a t i v e  s y s t e m  are  shown i n  T a b l e s  4.9 a n d  4.10.  T a b l e  4.9 
c c n s i d e r s  1974 demand u n d e r  e x i s t i n g  F e d e r a l  s t a t u t e s ;  T a b l e  4.10 
c o n s i d e r s  1977-demand u n d e r  existing F e d e r a l  s t a t u t e s .  1 n  e a c h  
c a s e ,  t h e  l o w e s t  c o s t  " w i t h *  s a t e l l i t e  s y s t e m  w a s  compared t o  t h e  
l o w e s t  c o s t  " w i t h o u t u  s a t e l l i t e  s y s t e m  u s i n g  a l t e r n a t i v e  d a t a  
p r o c e s s i n g  a n d  i n t e r p r e t a t i o n  t e c h n i q u e s  (manual  v e r s u s  a u t o m a t i c )  
and  f o r  two u s e r  c l o u d  c o v e r  r e q u i r e m e n t s .  From t h e s e  t a b l e s  
s e v e r a l  o b s e r v a t i o n s  a r e  e v i d e n t .  F i r s t ,  F e d e r a l  u s e r  demand 
u n d e r  e x i s t i n g  F e d e r a l  s t a t u t e s  i s ,  b y  i t s e l f ,  i n s u f f i c i e n t  t o  
e c o n o m i c a l l y  j u s t i f y  a n  ERTS s y s t e m  f o r  a  U.S.  o n l y  c o v e r a g e  

























































































































































































































































































































































































































































































































































































































































































































































































Federal agency land cover demands under existing Federal statutes. 
This result is driven by the level I11 information requirements 
of the Federal agency user groups which cannot be satisfied by 
Subsequent analyses show that ERTS is cost-effective given 
a demand for six times coverage of the U.S. annually at Level 11. 
This demand level is considered highly likely in the post-1977 time 
frame when all users needs (Federal and non-Federal) for land cover 
information are considered. A second important ooservation that 
can be made from the analysis of Federal statutory denand is 
that automatic data processing and interpretation techniques 
are economically superior to manual techniques. In every 
instance of comparison, there are significant cost savings 
advantages that accrue to the automatic techniques over manual 
techniques. This result was to be expected given the differ- 
ences in the projected capability of these techniques in the 
1977 time frame for acquiring increasingly detailed land cover 
information. Using ERTS, manual techniques can provide only 
Level I information with t h e  necessary accuracy while automated 
techniques can provide both Level I and Level I1 type informa- 
tion. Similarly, using high altitude aircraft, manual techni- 
ques can provide Level I and Level I1 while all levels of 
classification detail can be obtained from automatic techniques. 
Lastly, Tables 4.9 and 4.10 provide some interesting insights 
i n t o  t h e  e f f e c t s  o f  u s e r s  c l o u d  f r e e  c o v e r a g e  r e q u i r e m e n t s .  A s  
o n e  would e x p e c t ,  t h e  more s t r i n g e n t  c l o u d  f r e e  c o v e r a g e  
r e q u i r e m e n t  o f  0-101 c a u s e s  a  m a j o r  i n c r e a s e  i n  t o t a l  p rogram 
c o s t s .  T h i s  i s  d u e  t o  t h e  f a c t  t h a t  i n  o r d e r  t o  s a t i s f y  8 
f i x e d  u s e r  t i m e l i n e s s  r e q u i r e m e n t  t h e  s a t e l l i t e  a n d  h i g h  
a l t i t u d e  a i r c r a f t  s y s t e m s  must  y i e l d  a  g r e a t e r  p o r t i o n  o f  t h e  
u s e r  t a r g e t  t o  t h e  low a l t i t u d e  a i r c r a f t  and  g r o u n d  s u r v e y  
t e a m s .  Thus ,  i n  a d d i t i o n  t o  i n c u r r i n g  e x p e n s i v e  i n v e s t m e n t  
c o s t  o f  t h e  s a t e l l i t e  a n d  h i g h  a l t i t u d e  a i r c r a f t  s y s t e m s ,  o n e  
i s  f o r c e d  t o  i n c r e a s e  t h e  a c t i v i t y  l e v e l  o f  t h e  most  e x p e n s i v e  
( i n c r e m e n t a l  c o s t )  d a t a  a c q u i s l c i o n  component.  The i m p a c t  o f  
more s t r i n g e n t  u s e r  c l o u d  f r e e  c o v e r a g e  r e q u i r e m e n t  w i l l ,  o f  
c o u r s e ,  grow i n c r e a s i n g l y  s e v e r e  as t h e  u s e r  t i m e l i n e s s  r e q u i r e -  
ment i s  t i g h t e n e d .  S u b s e q u e n t  r e s u l t s  q u a n t i f y  t h i s  e f f e c t .  
4 . 4 . 2  T o t a l  Program C o s t s  f o r  P a r a m e t r i c  A n a l y s i s  o f  Na t ion-  
wide Demand f o r  Land Cover  I n f o r m a t i o n  
A s  n o t e d  e a r l i e r ,  F e d e r a l  s t a t u t o r y  demand f o r  l a n d  
c o v e r  i n f o r m a t i o n  c o n s t i t u t e s  o n l y  a segment  o f  t h e  n a t i o n a l  
demand. S t a t e  governments ,  r e g i o n a l  a n d  l o c a l  g o v e r n m e n t a l  
u n i t s ,  i n d u s t r i a l  and  a c a d e m i c  u s e r s  w i l l  a l s o  c o n t r i b u t e  t o  
t h e  t o t a l  demand. I t  i s  d i f f i c u l t  t o  p r o j e c t ,  q u a n t i t i v e l y ,  
t h e  s c o p e  and n a t u r e  o f  t h e  t o t a l  n a t i o n a l  demand. C o n s e q u e n t l y ,  
a  p a r a m e t r i c  s e t  o f  demand r e q u i r e m e n t s  was c o n s i d e r e d ,  which 
f o c u s e d  on i n c r e a s i n g  L e v e l  11 i n f o r m a t i o n  r e q u i r e m e n t s  f o r  
c o n t i n e n t a l  U.S. and  A l a s k a .  The a n n u a l  L e v e l  11 c o v e r a g e  
r e q u i r e m e n t  was v a r i e d  from two t i m e s  c o v e r a g e  w i t h i n  1 8 0  
d a y s  e a c h  t o  t w e l v e  t i m e s  c o v e r a g e  w i t h i n  1 5  d a y s  f o r  e a c h  
c o v e r a g e .  I n  a d d i t i o n  t o  t h e  v a r y i n g  f u l l  U.S.-Levei 11 r e q u i r e -  
ment ,  t h e  p a r a m e t r i c  demand a n a l y s e s  i n c l u d e s  t h e  o t h e r  i n f o r m a -  
* 
t i o n  r e q u i r e m e n t s  t h a t  were p r o j e c t e d  f o r  t h e  1977 F e d e r a l  
agency  demands ( A l l  Land Cover U s e r s )  u n d e r  e x i s t i n g  F e d e r a l  
s t a t u t e s .  
The r e s u l t s  o f  t h e  p a r a m e t r i c  demand--cos t  a n a l y s i s  
is shown i n  T a b l e  4.11.  F o r  e a c h  demand l e v e l ,  t o t a l  p rogram 
c o s t s  a r e  compared f o r  t h e  a l l  a i r c r a f t  s y s t e m  and t h e  lowest 
c o s t  two o r  t h r e e  t i e r  " v i t h n  s a t e l l i t e  s y s t e m .  T h i s  a n a l y s i s  
i s  b a s e d  upon a u t o m a t i c  d a t a  p r o c e s s i n g  methods  which  p r e v i o u s l y  
were shown t o  b e  e c o n o m i c a l l y  p r e f e r r e d  o v e r  manual  me thods .  
I t  i s  c l e a r  f rom t h i s  t a b l e  t h a t  ERTS i s  c o s t - e f f e c t i v e  a t  a n  
a n n u a l  demand l e v e l  o f  six t i m e s  c o v e r a g e  o f  t h e  U . S .  w i t h  a 
u s e r  t i m e l i n e s s  r e q u i r e m e n t  o f  60  d a y s  f o r  e a c h  s u c h  c o v e r a g e .  
N o t e  however t h a t  a two s a t e l l i t e  s y s t e m  i s  r e q u i r e d  i n  order 
t o  overcome c l o u d  c o v e r  p r o b l e m s .  A n o t h e r  i n t e r e s t i n g  e f f e c t  
c o n c e r n i n g  t h e  i m p a c t  o f  c l o u d  c o v e r  i s  e v i d e n t  f rom T a b l e  4.11.  
The more s t r i n g e n t  c l o u d  c o v e r  r e q u i r e m e n t  (0-109) r e d u c e s  t h e  
m u l t i p l e  s a t e l l i t e  s y s t e m  b r e a k e v e n  demand l e v e l .  T a b l e  1 .5  
shows t h a t  a  t w o - s a t e l l i t e  s y s t e m  is  c o s t - e f f e c t i v e  a t  s i x  t i m e s  
c o v e r a g e  o f  t h e  U . S .  g i v e n  a  (0-309) c l o u d  c o v e r  r e q u i r e m e n t ,  





















































































































































































































































































































































































































































































































































































w h i l e  f o r  t h e  same demand l e v e l  a  t h r e e - s a t e l l i t e  s y s t e m  i s  
c o s t - e f f e c t i v e  g i ~ e n  a (0 -10%)  c l o u d  c o v e r  r e q u i r e m e n t .  A s  
e x p e c t e d ,  t h e  c o s t  s a v i n g s  o f  t h e  " w i t h "  s a t e l l i t e  s y s t e m  o v e r  
t h e  a i r c r a f t  o n l y  s y s t e m  i n c r e a s e  s u b s t a n t i a l l y  a s  t h e  demand 
f o r  Leve l  11 i n f o r m a t i o n  i n c r e a s e s  beyond s i x  times c o v e r a g e  
o f  t h e  U . S .  
F i g u r e  4 . 1 1 ,  d i s p l a y s  t h e  c o s t - c a p a b i l i t y  f r o n t i e r  f o r  
t h e  two u s e r  c l o u d  f r e e  c o v e r a g e  r e q u i r e m e n t s  e x p l o r e d  i n  t h i s  
s t u d y .  The c o s t - c a p a b i l i t y  f r o n t i e r  i s  d e f i n e d  by t h e  l o c u s  
o f  t h e  l o w e s t  program c o s t  a l t e r n a t i v e s  f o r  v a r y i n g  c a p a b i l i t y  
l e v e l s .  The f u l l  c o s t  ERTS c u r v e  r e p r e s e n t s  t h e  c o s t - c a p a b i l i t y  
f r o n t i e r  u n d e r  t h e  a s s u m p t i o n  t h a t  t h e  t o t a l  p rogram c o s t  a r e  
b o r n e  e n t i r e l y  by a  U.S. c o v e r a g e  m i s s i o n .  The i n c r e m e n t a l  c o s t  
ERTS l i n e  r e p r e s e n t s  t h e  c o s t  c a p a b i l i t y  f r o n t i e r  u n d e r  t h e  
a s s u m p t i o n  t h a t  t h e  i n v e s t m e n t  c o s t s  f o r  a  o n e  s a t e l l i t e  
s y s t e m  would be i n c u r r e d  i n  any e v e n t  f o r  a g l o b a l  c o v e r a g e  
m i s s i o n .  
Thus f a r ,  t h r o u g h o u t  t h e  d i s c i . s s i o n s  o f  t h e  a n a l y s i s  we 
 ha^? subdued t h e  a i r c r a f t  l e a d  t i m e  v a r i a b l e .  I n  t h e  me thodo l -  
ogy s e c t i o n ,  it  was p o i n t e d  o u t  t h a t  i n  t h e  c a s e  o f  t h e  t h r e e  
t i e r  s a t e l l i t e  s y s t e m ,  t h e  l a t t e r  p o r t i o n  o f  t h e  u s e r  t i m e l i n e s s  
r e q u i r e m e n t  was r e s e r v e d  f o r  h i g h  a l t i t u d e  a i r c r a f t  "mop up" 
c o v e r a g e  o f  t h e  t a r g e t  a r e a  t h a t  had n o t  p r e v i o u s l y  b e e n  mapped 
by t h e  s a t e l l i t e .  We i n d i c a t e d  t h a t  t o  a c h i e v e  e f f i c i e n c y  i n  














































































































































































t h e  a i r c r a f t  l e a d  t i m e  would have  t o  b e  i n v e s t i g a t e d  f o r  e a c h  
u s e r  demand l e v e l  and t i m e l i n e s s  r e q u i r e m e n t .  T h u s ,  i n  o u r  
l i f e  c y c l e  c o s t  c o m p u t a t i o n s ,  r e p e a t e d  r u n s  o f  t h e  a n a l y t i c a l  
mode l s  were  made i n  o r d e r  t o  a s s u L a  t h a t  t h e  l o w e s t  t o t a l  
program c o s t  w a s  i d e n t i f i e d  f o r  t h e  t h r e e  t i e r  d a t a  a c q u i s i t i c n  
s y s t e m s .  T a b l e  4 - 1 2  i l l u s t r a t e s  t h e  i m p a c t  o f  t h e  a i r c r a f t  
l e a d  time v a r i a b l e  o n  t o t a l  prcgrarn c o s t s  t o  s a t i s f y  a  g i v e n  
demand l e v e l .  Given t h e  p a r t i c u l a r  demand 1 e v e l . s  s e l e c t e d  
f o r  i l l u s t r a t i v e  p u r p b a e s ,  a  l e a d  t i m e  o f  1 4 ' d a y s  y i e l d s  t h e  
l o w e s t  t o t a l  p rogram c o s t .  F o r  o t h e r  demand r e q u i r e m e n t s  and 
f o r  o t h e r  d a t a  a c c u i s i t i o n  a l t e r n a t i v e s ,  e .g .  two and t h r e e  
s a t e l l i t e  s y s t e m s ,  o t h e r  v a l u e s  o f  t h e  a i r c r a f t  iead t i m e  
v a r i a b l e  y i e l d  t h e  l o w e s t  c o s t  r e s u l t s .  
4 .4 .3  The l i k e l y  C o s t  S a v i n g s  B e n e f i t s  o f  ERTS 
D e s p i t e  t h e  u n c e r t a i n t i e s  i n h e r e n t  i n  f u t u r e  e s t i m a t e s  
o f  n a t i o n w i d e  demand, we have  d e f i n e d  t h r e e  demand s o e n a r i o s  
t h a t  we b e l i e v e  w i l l  b r a c k e t  t h e  a c t u , i l  f u t u x e  n a t i o n w i d e  
demand f o r  l a n d  c o v e r  i n f o r m a t i o n  Each demand p r o j e c t i o n  
i n c l u d e s  a l l  t h e  p r o j e c t e d  i n f o r m a t i o n  r e q u i r e m e n t s  o f  F e d e r a l  
a g e n c y  u s e r s  i n  1977  e x c e p t  t h e  f u l l  U.S., L e v e l  I1 c o v e r a g e .  
I n  a d d i t i o n ,  w e  h a v e  i n c l u d e d  L e v e l  11 i n f o r m a t i o n  r e q u i r e m e n t s  
f o r  t h e  U.S. p l u s  A l a s k s  a t  a n n u a l  f r e q u e n c i e s  v a r y i n g  from 
s i x  t i m e s  c o v e r a g e  w i t h  60 d a y s  e a c h  dz . : ing  t h e  p e r i o d  
1977-1993 t c  s i x  t i m e s  c o v e r a g e  w j t h i n  60 d a y s  o v e r  t h e  p e r i o d  
1977-1980 and e i g h t  t i m e s  cove rage  w i t h i n  4 5  d a y s  e a c h  o v e r  
t h e  p e r i o d  1981-1993. The c o s t - e f f e c t i v e n e s s  a n a l y s i s  f o r  
t h e s e  p r o j e c t e d  demand l e v e l s  i s  based upon a u t o m a t i c  d a t a  
p r o c e s s i n g  methods wkich p r e v i o u s l y  were shown t o  be  economic- 
a l l y  p r e f e r r e d  ove r  manual methods. Tab le  4.13 d i s p l a y s  t h e  
t o t a l  program c o s t s  f o r  t h e  l o w e s t  c o s t  "with"  and " w i t h o u t n  
s a t e l l i t e  sys tems  t o  s a t i s f y  t h e s e  f u t u r e  demand l e v e l s  
g iven  a  u s e r  a l l c w a b l e  c loud  cove r  r equ i r emen t  of 0-30%. 
Also shown a r e  t h e  n e t  p r e s e n t  v a l u e s  ( d i s c o u n t e d  c o s t  s a v i n g s )  
of t h e  l owes t  c o s t  "w i thn  s a t e l l i t e  sys tem r e l a t i v e  t o  t h e  
lowest c o s t  "wi thout"  s a t e l l i t ;  sys tem and t h e  e q u i v a l e n t  un- 
d i s c o u n t e d  annua l  c o s t  s a v i n g s  o f  t h e  w w i t h w  s a t e l l i t e  system 
over  t h e  p e r i o d  1977-1993. Table  4 .14  p r o v i d e s  c o r r e s p o n d i n g  
r e s u l t s  f o r  an a l l o w a b l e  c loud  c o v e r  r e a u i r e m e n t  of 0-10%. 
r 
Table 4.L2 Iepac t  of A i r c r a f t  Lead Time on Total Program Cost 
of 2s/iin/Cr Coverage of t h e  U . S .  a t  Level YI and at 
Ind ica ted  Annual Prequancy and During Ind ica ted  
Tina Win2ou--Autonatic Classification--Allovable 
Cloud Cover (0 - 10%)  (X i l l i on  of 1973 Dol la rs  
Discou3ted a t  10% t o  1 9 7 4 )  
U . S .  Coverage 
4 t i a e  a t  90 days 
6 t imes at 60 days 
8 times at 45 days 









As indicated in these tables, the annual economic benefits 
(cost savings)  of ERTS as a  component of a Nationwide Land 
Cover Information System are projected to range from $7.9 to 
$17.0 million or from $21.0 to $37.1 million depending upon 
the user cloud cover requirement. The best point estimate 
of the annual cost savings that accrue to ESTS i s  probably 
defined by the middle of the projected range of cost savings, 












































































































































































































































































































































































































































































































































































































































































































































































F e d e r a l  B u d g e t a r y  A c t i v i t i e s  P o t e n t ~ h l l y  
I m p a c t e d  by Remote S e n s i n g  
The p rograms  and a c t i v i t i e s  o f  f e d e r a l  government  a g e n c i e s  
have  b e e n  r e s e a r c h e d  to d e t e r m i n e  t h e  p o t e n t i a l  b u d g e t a r y  i m p a c t  
o f  r e m o t e  s e n s i n g  and  ERTS. The b u d g e t a r y  f i g u r e s  l i s t e d  i n  t h i s  
a p p e n d i x  r e p r e s e n t  money r e q u e s t e d  f o r  l a n d  c o v e r  p rograms .  The 
amount s p e n t  f o r  r e m o t e  s e n s i n g  v a r i e s  a c c o r d i n g  t o  t h e  i n f o r m a t i o n  
r e q u i r e m e n t s  o f  t h e  program.  I n  many c a s e s ,  t h e  e x p e n d i t u r e s  f o r  
r e m o t e  s e n s i n g  r e p r e s e n t  o n l y  a  v e r y  s m a l l  p e r  c e n t  o f  t h e  b u d g e t  
r e q u e s t  w i t h  ERTS s h a r i n g  a  v a r y i n g  p r o p o r t i o n  o f  t h i s  c o s t .  
Those  p rograms  which c a n  b e  s a i d  t o  b e  g r e a t l y  i m p a c t e d  by ERTS 
a r e  n o t e d  by an  a s t e r i s k  ( * I .  
The s o u r c e s  u s e d  f o r  t h i s  a p p e n d i x  a r e :  O f f i c e  o f  Manage- 
ment a n d  Budget  F e d e r a l  Mapping Task  F o r c e  R e p o r t ,  1972 ;  House 
A p p r o p r i a t i o n s  H e a r i n g s  ( A g r i c u l t u r e ) ;  House A p p r o p r i a t i o n s  Hear-  
i n g s  ( I n t e r i o r ) ;  House A p p r o p r i a t i o n s  H e a r i n g s  ( P u b l i c  Works ) ;  
House A p p r o p r i a t i o n s  H e a r i n g s  ( S p e c i a l  E n e r g y ) ;  S e n a t e  A p p r o p r i a -  
t i o n s  ( I n t e r i o r ) ;  Appendix ,  FY 1975  Budget ;  and  Army C o r p s  o f  
E n g i n e e r s  C i r c u l a r ,  March 2 5 ,  1974 ,  T a b l e  3. 
F i g u r e  1 d i s p l a y s  t h e  F Y  1972 b u d g e t  o f  t h e  v a r i o u s  F e d e r a l  
d e p a r t m e n t s  and a g e n c i e s  f o r  l a n d  c o v e r  i n f o r m a t i o n  p r o g r a m s .  
These  b u d g e t a r y  f i g u r e s  were  d e t e r m i n e d  by c o n s i d e r i n g  a l l  p rograms  
r e l e v a n t  t o  l a n d  c o v e r  a c t i v i t i e s  o u t  o f  a l l  mappii ,g,  c h a r t i n g ,  
and geodesy activities within each agency. The same figures for 
FY 19-;, FY 1974, and FY 1975 were lacking in detail for the agency 
breakdown. The available figures for these three years are given 
in the table in Appendix I; the last page of this table summarizes 
the budgetary information by Federal departments. 
Considering the present demand for remote sensing 
information, it seems likely that ERTS will have a substantial 
impact on future budgetary figures used by Federal agencies for 
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E x i s t i n g  F e d e r a l  S t a t u t o r y  Demand. F o r  
Remote S e n s e d  Land Cove r  I n f o r m a t i o n  
Append ix  I1 d e t a i l s  t h e  F e d e r a l  s t a t u t o r y  demand f o r  
r e m o t e  s e n s e d  l a n d  c o v e r  i n f o r m a t i o n .  I t  i s  d i v i d e d  i n t o  
f o u r  s e c t i o n s .  
S e c t i o n A  F e d e r a l  S t a t u t o r y ,  Demand F o r  
Remote S e n s e d  Land Cove r  
I n f o r m a t i o n  R e l a t e d  t o  Land U s e  
P l a n n i n g  
S e c t i o n  B F e d e r a l  S t a t u t o r y  Demand F o r  
Remote S e n s e d  Land Coxrer 
I n f o r m a t i o n  F o r  O t h e r  Than Land 
U s e  P l a n n i n g  P u r p o s e s  
S e c t i o n  C F u t u r e  F e d e r a l  S t a t u t o r y  Demand 
Remote S e n s e d  Land C o v e r  
I n f o r m a t i o n  
e S e c t i o n  D Summary D e s c r i p t i o n s  o f  F e d e r a l  
S t a t u t o r y  P e r t a i n i n g  t o  
Remote S e n s e d  Land C o v e r  
I n f o r m a t i o n  
F o r  S e c t i o n s  A a n d  B t h e  r e m o t e  s e n s i n g  demand c r e a t e d  by  
e a c h  s t a t u t e  i s  s a b d i v i d e d  i n t o  two p a r t s .  The t o p  row i n d i c a t e s  
t h e  1 9 7 4  r e q u i r e m e n t s  p l a c e d  on  r e m o t e  s e n s i n g  t o  o b t a i n  t h e  l a n d  
c o v e r  i n f o r m a t i o n .  The b o t t o m  row i n d i c a t e s  t h e  a n t i c i p a t e d  
r e q u i r e m e n t s  p l a c e d  o n  r e m o t e  s e n s i n g  i n  t h e  y e a r  1 9 7 7 .  
F o r  S e c t i o n  A ,  t h e  l e v e l  o f  d e t a i l  u s e d  f o r  e v a l u a t i n g  
r e m o t e  s e n s i n g  r e q u i r e m e n t s  i s  g i v e n  i n  t h e  l a n d  u s e  i n v e n t o r y  
r 1 . a s s i f i c a t i o n  scheme f o u n d  i n  T a b l e  2-2  o f  t h e  E a r t h s a t  
fnte~im Report "Analysis of Costs and denefits from Use of ERS 
Data in State Land Use Planning". 
For Section B, it is assumed that ERTS can obtain the 
level of detail I and I1 representing the scales 1:500,000 and 
1:125,000. Level of detail I11 representing the scale 1:24,000 
would be obtained by high and low altitude aircraft. The 
sources for the information presented in this Appendix include: 
a survey of the Federal statutes listed in the Department of 
Justice U.S. Code information system (JURIS) that create a demand 
for remote sensing, documents on existing Federal agency remote 
sensing activity and the various reports on the significant 
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S e c t i o ~  0. Summary D e s c r i p t i o n s  of  F e d e r a l  S t a t u t e s  
P e r t a i n i n g  T o  Remote Sensed Land Cover  
I n f o r m a t i o n  
S e c t i o n  D - 1  
FEDERAL STATUTFS RELATED TO LAND USE PLANNING 
Forest Resources Act, As Amended 
16 USC 581 
Agency Affected: Department of Agriculture, Forest Service 
Date Pas ;ed: 22 May 1928; 14 December 1967 
Data Collection 
- 
Statutory Requirement: In co-operation with the states and 
other public and private agencies, USDA is directed to make 
and keep current a comprehensive survey of: 
- present and future requirements for timber and 
other forest products, 
- present and future timber and forest product 
supplies, including determination of forest land 
productivity and other necessary information. 
Specificity: Law mandates the collection of specific types 
of information. Frequency of updating is left open, although 
a maximum funding level for updating is specified. 
Comments: Remote sensing by satellite has potential for appli- 
catioh in determining supplies and productivity of forest lands. 




Supplementary Information: The present program is known as the 
Forest Survey. A nationwide report on the condition of forest 
- - 
and timber resources is issued once every 10 years. Frequency 
of resurvey varies by forest district and by states within each 
district. Present resurvey interval for the states varies from 
8-15 years. Aerial photography plays an important role in the 
forest survey as a means of locating and evaluating sampling 
plots i>r further de:-ailed ground iqvestigation. The Forest 
Service is present? required to use ASCS aerial photography 
whenever possible 
Demand Matrix Input: The present activity level 
represents the requirement of the forest survey. 
During one year, level I11 information taken 
during the summer season is required for 3% of 
the U.S. This results at the end of a ten year 
period in all of the forestland within the U.S. 
being surveyed. 
The 1977 requirements for level 11 information reflect 
the inputs of an operational ERTS system. The impact 
of this system on the present forest survey program 
will be to supplement and increase the accuracy of the 
forest survey but not to replace the existing 
procedurts. 
Source: Clawson, M. and Stewart, C.L., Land Use Information 
(Baltimore) The Johns Hopkins Pxess, 1965, Appendix C ,  
Timber Development Organizations 
40 USC 204 
Aqency Affected: Department of Agriculture 
Date Passed: 11 October 1967 
Data Collection 
Statutory Requirement: The Secretary of Agriculture is autho- 
rized to provide technical assistance in the organization and 
operation, under state law, of private timber development 
organizations having as their objective the carrying out of 
timber development programs to improve timber productivity 
and quality. 
Comments: Remote sensing is applicable as part of forest 
management. Technical assistance could easily include 
utilization of ERTS imagery. No specific level of program 
activity is stated or implied, however. 
Supplementary Information: The present program activity is 
estimated. We assume this activity would be determined by the 
agreements reached between the Forest Service and private 
corporations. Most of the information is qathered by ground 
survey; data from aerial photography would be rrovided by the 
Forest Survey. 
Demand Matrix Input: Present and future requirements 
reflect the requirements of the Forest Survey. 
Source: General information on the operation of the Forest 
Service. 
Clarke-McNary Act 
16 USC 567A 
Agency Affected: Department of Agriculture 
Date Passed: 
- 29 August 1935 
Data Collection 
Statutory Requirement: The Secretary of Agriculture is autho- 
rized to acquire, in the name of the United States, forest 
lands to be managed by the states as state forests. This 
acquisition incl~..des the mapping, examination, appraisal, and 
surveying of the forests. 
Comments: Remote sensing could have a definite role in the 
preliminary mapping and surveying of prospective forest 
acquisitions. This statute does not mandate a particular level 
of activity, however. 
Supplementary Information: Pzesent program activity is 
astiaated. Remote sensing requirements for appraisal and 
surveying of the forest are assumed to be fulfilled by the 
forest survey. 
Demand Matrix Input: Present activity level require- 
ments are assumed to be the same for the Forest 
Resources Act but a much smaller area. 
The 1977 activity level indicates the supplementing 
of the present activity level with ERTS derived 
information. 
Source: General information on the operation of the Forest 
-- 
Service. 
N a t i o n a l  Wilderness P r e s e r v a t i o n  S y s t e m ,  1 9 6 4  
P . L .  88-577 
Agency A E f e c t e d :  D e p a r t m e n t  o f  A g r i c u l t u r e ;  F o r e s t  S e r v i c e  
D a t a  C o l l e c t i o n  
-
S t a t u t o r y  R e q u i r e m e n t :  The  S e c r e t a r y  o f  A g r i c u l t u r e  i s  r e q u i r e d  
t o  f i l e  a map a n d  l e q a l  d e s c r i p t i o ~ ,  o f  e a c h  w i l d e r n e s s  a r e ?  
w i t h  t h e  ~ n t e r i o r  a n d  I n s u l a r  A f f a i r s  C o m m i t t e e s  o f  t h e  
U n i t e d  S t a t e s  S e n a t e  a n d  t h e  House  o f  R e 2 r e s e n t a t i v e s .  
The S e c r e t a r y  o f  A g r i c u l t u r e  m u s t  r e v i e w  a s  t c  i t s  s u i t a b i l i t y  
o r  n o n - s u i t a b i l i t y  f o r  p r e s e r v a t i o n  a s  w i l d e r n e s s  e a c h  a r e a  
i n  t h e  n a t i o n a l  f o r e s t s  c l a s s i f i e d  o n  t h e  e f f e c t i v e  d a t e  o f  
t h i s  A c t  as  p r i m i t i v e  w i t h i n  t e n  y e a r s  a f t e r  t h e  e n a c t m e n t  o f  
t h i s  A c t .  
SupplementaryLnformation: - The p r e s e n t  p rog ra in  a c t i v i t y  i s  
as sumed  t o  f o l l o w  t h e  s p e c i f i c  i n f o r m a t i o n  a n d  t i m e t a b l e  
r e q u i r e x e n t s  o f  t h e  l a w .  A s  i n d i c a t e d  i : ~  t h e  l a w ,  t h i s  p r o g r a m  
i s  a d m i n i s t e r e d  by a  number o f  a g e n c i e s  u n d e r  t h e  d i r e c t i o n  o f  
t h e  S e c r e t a r y  o f  A g r i c u l t u r e ,  t h e  C h i e f  F o r e s t e r  o f  t h e  F o r e s t  
S e r v i c e ,  a n d  t h e  S e c r e t a r y  o f  t h e  I n t e r i o r .  I t  i s  as sumed  t h a t  
i n f o r m a t i o n  u s e d  t o  i m p l e m e n t  t h i s  l a w  was drawn f r o m  e x i s t i n g  
p r o g r a m s  w i t h i n  t h e  e f f e c t e d  a g e n c i e s .  Some o f  t h i s  i n f o r m a t i o n  
i s  c o l l e c t e d  by  r en io t e  s e n s i n g .  
Demand M a t r i x  I n p u t :  P r e s e n t  a c t i v i t y  l e v e l  i n d i c a t t i s  
a n  e s t i m a t e d  demand f o r  i n f o r m a t i o n  o v e r  a 1 0  y e a r  
p e r i o d  f o r  5% of t h e  U.S. p e r  y e a r .  
The 1 9 7 7  r e q u i r e m e n t  i n d i c a t e s  a  c o n t i n u a t i o n  o f  
t h e  p r e s e n t  p r o g r a m  p l u s  s u p p l e m e n t a l  i n f o r m a t i o n  
p r o v i d e d  by ERTS. 
S o u r c e :  T e x t  o f  t h e  l e g i s l a t i o n .  
R u r a l  Development  A c t  o f  1972  
Bankhead- Jones  Farm T e n a n t  A c t ,  A s  Amended 
P.L. 52-419 
7 USC 1 0 1 0  
Agency A f f e c t e d :  D e p a r t m e n t  o f  A g r i c u l t u r e  
D a t e  Passed.:  30 A u g u s t  1972  
D a t a  C o l l e c t i o n  
S t a t u t o r y  R e q u i r e m e n t :  The S e c r e t a r y  o f  A g r i c u l t u r e  i s  d i r e c t e d  
t o  c a r r y  o u t  a  l a n d  i n v e n t o r y  a n d  m o n i t o r i n g  p r o g r a m  t o  i n c l u d e ,  
b u t  n o t  l i m i t e d  t o ,  s t u d i e s  a n d  s u r v e y s  o f  e r o s i o n  a n d  s e d i m e n t  
d a m t g e s ,  f l o o d  p l a i n  i d e n t i f i c a t i o ? ,  a n d  u t i l i z a t i o r . ,  l a n d  u s e  
c h a n g e s  a n d  t r e n d s ,  a n d  d - g r a d a t i o n  o f  t h e  e n v i r o n m e n t  r e s u l t i n g  
f rom i m p r o p e r  u s e  o f  s o i l ,  w a t e r  a n d  r e l a t e d  r e s o u r c e s .  The 
S e c r e t a r y  s h a l l  i s s u e  a t  n o t  l e s s  t h a n  5 - y e a r  i n t e r v a l s  a l a n d  
i n v e n t o r y  r e p o r t  r e f l e c t i n g  s o i l ,  w a t e r ,  a n d  r e l a t e d  r e s o u r c e  
c o n d i t i o n s .  
S u p p l e m e n t a r y  I n f o r m a t i o n :  P r e s e n t  p r o g r a m  a c t i v i t y  i s  ae ter -  
mined  by t h e  s t a t u s  o f  t h e  Land I n y e n t o r y  a n d  M o n i t o r i n g  
Program ( L . I . M . )  o f  t h e  S o i l  C o n s z r v a t i o n  S e r v i c e .  T h i s  i s  a  
c e n t r a l  d a t a  bank  s y s t e m  f o r  r e s o u r c e  i n f o r m a t i o n  u s e d  a n d  
c o l l e c t e d  by t h e  U S D A .  A r e p o r t  m u s t  b e  f i l e d  o n  t h e  i tems 
n o t e d  a b o v e  o n c e  e v e r y  f i v e  y e a r s .  The p r e s e n t  p r o g ~ a m  i n  
t h e  p i a n n i n g  s t a g e  w i t h  f u l l  o p e r a t i o n s  i s  d e p e n d e n t  u p c ?  
f u n d i n g  f rom C o n g r e s s .  P r e s e n t  p l a n s  a r e  t o  us.? a n y  u p - t o - d a t e  
s o u r c e  o f  i n f o r m a t i o n  a v a i l a b l e  a n d  t o  c o l l e c t  raw d a t a  o n l y  
when i n f o r m a t i o n  i s  n o t  a v a i l a b l e  t h r o u g h  o t h e r  s o u r c e s .  
I n f o r m a t i o n  g a t h e r e d  by m o s t  o f  t h e  p r o g r a m s  l i s t e d  i n  S e c t i o n  A 
w i l l  b e  u s e d .  
Demand M a t r i x  I n p u t :  The p r e s e n t  p r o g r a m  l e v e l  r e f l e c t s  
t h e  n e e d  f o r  l a n d  c o v e r  a a t a  t o  f u l f 4 . 1 1  t h e  o n c e - e v e r y -  
l i v e  y e a r s  r e q u i r e m e n t  w h i c h  i s  n o t  o p e r a t i o n a l  a t  
p r e s e n t .  
The 1977  l e v e l  r e f l e c t s  a  c o n t i n u a t i o n  o f  t h e  p r e s e n t  
p rog ram l e v e l  p l u s  a n  i n p d t  by  ERTS t o  k e e p  t h e  
i n f o r m a t i o n  u p d d t e d .  
S o u r c e :  M e e t i n g s  w i t h  t h e  L.I.M. P rog ram o f f i c i a l s .  
A g r i c u l t u r a l  3 e s e s r c h  Act  
7  USC 4 2 7 ,  4 2 7 i  
A q e r s y  Af f e c t e d :  D e p a r t m e n t  o f  A g r i c u l t u r e  
D a t e  P a s s e d :  2 9  J u n e  1 9 3 5  
D a t a  C o l l e c t i o n  
- 
S t a t u t o r y  R e q u i r e m e n t :  The S e c r e t a r y  o f  A g r i c u l t u r e  i s  a u t h o r i z e d  
a n d  d i r e c t e d  t o  c o n d u c t  r e s e a r c h  r e l a t i ~ i g  t o  t h e  c o n s e r v a t i o n ,  
d e v e l o p m e n t ,  a n d  u s e  o f  l a n d ,  f o r e s t ,  a n d  water r e s o a r c e s  f o r  
a g r i c u l t u r a l  p u r p o s e s ,  a n d  o t i e r  s t u d i e s  b e a r i n g  on  t h e  a g r i c u l -  
t u r a l  i n d u s t r y  o f  t h e  U n i t e d  s t a t e s .  
Comments: A s  =in i n s t r u m e n t  f o r  t h e  s u r v e y i n g  a n d  m c , , i t : ~ r i n ~  o f  
l a n d ,  f o r e s t ,  a n d  watei  r e s o u r c e s ,  r e m o t e  s e n s i n g  %s apyl i .ca5 l .e  
t o  t h e  c a r r y i n g  3 u t  o f  t h e  p r o v i s i o n s  o f  t h i s  l a w .  
S u p p l e m e n t a r y  I n f o r m a t i o n :  The p r e s e n t  p r o g r a m  a c t i v i t y  i s  
i n d i c a t e d  by t h e  a c t i v i t i e s  o f  t h e  R e s o u r c e  D e v e l ~ p m e n t  Economics  
D i v i s i o n  of  t h e  Economic  q e s e a r c h  S e r v i c e .  3 < ; a t i o n a l  l a n d  u s e  
i n v e n t o r y  r e p o r t  e n t i t l e d  "Majo r  U s e s  o f  Land a n d  W a t e r "  i s  
i s s u e d  o n c e  e v e r y  Z i v e  y e a r s .  D a t a  f o r  t h i s  r e p o r t  i s  c o l l e c t e d  
on s e p a r a t e  u s e s  o f  l a n d  f r o m  v a r i o u s    ate a n d  f e d e r a l  a g e n c i e s  
t o  g i v e  a n  a c c o u n t  o f  t h e  e n t i r e  l a n d  a r e a .  Scme ASCS and  o t h e r  
a e r i a l  photograp71y i s  u s e d  f o r  m e a s u r i n g  c h a n g e s  i n  l a n d  u s e  
a n d  f o r  a p p r a i s i n g  u s e  p c t e n t i a l s  a n d  c o n s e r v a t i o n  n e e d s .  I t  i s  
~ s t i m a t e d  t h a t  t h i s  a c t i v i t y  w i l l  b e  r e p l a c e d  by  t h e  L . I . M .  
p r o g r a m .  
Demand M a t r i x  I n p u t :  The p r e s e n t  a c t i v i t y  l e v e l  
r e f l e c t s  t h e  o n c e - e v e r y - f i v e  y e a r s  l a n d  u;e i n v e n t o r y .  
The 1 9 7 7  l e v e l  i n d i c a t e s  a  z o n t i n u a t i o n  o f  t h e  p r e s e n t  
proc,rar. w i t h  t h e  u s e  o f  EETS to p r o v i d e  s e a s ~ n a l  
u p d a t e s .  
S o u r c e :  ( l j  C l awson ,  M .  a n d  S t e w a r t ,  C . L . ,  Land Use I n f o r m a t i o n  - 
( B a l t i m o r e )  The J o h n s  H o p k i n s  P r e s s ,  1 9 6 5 ,  
Append ix  B. 
( 2 )  R a j ~ r  U s e s  o f  Land .- i n  t h e  U n i t e d  - S t a c e s  - Summary 
f o r  1 9 6 9  ERTE - A g r i .  Econ. B o p t .  1 2 4 7 .  
Water Bank A c t  
1 6  USC 1 3 0 1  
Ageracy A f f e c t e d :  D e p a r t m e n t  o f  A g r i c u l t u r e  
Date P a s s e d :  1 9  December 1 9 7 0  
D a t a  C o l l e c t i o n  
S t a t u t o r y  R e q v i 8 0 m e n t :  The S e c r e t a r y  of A g r i c u l t u r e  is d i rec ted  
t o  fo :  r u l a t e  s n .  c a r r y  o u t  a c o n t i n u o u s  p r o g r a m  t o  p r e v e n t  t h e  
s e r i o u s  loss  of w e t l a n d s ,  a n d  t o  p r e s e r v e ,  restore, a n d  i m p r o v e  
s u c h  1 ~ n d s .  The S e c r e t a r y  s h a l l  h a v e  a u t h o r i t y  to  e n t e r  i n t o  
agreements w i t h  l a n d o w n e r s  a n d  o p e r a t o r s  i n  w e t l a n d s  areas i n  
i m p o r t a n t  m i g r a t o r y  w a t e r f o w l  n e s t i n g  a n d  b r e e d i n g  areas f o r  
t h e  c o n s e r v a t i o n  o f  w a t e r  o n  s p e c i f i e d  farm, r a n c h ,  or  o t h e r  
w e t l a n d s  i d e n t i f i e d  i n  a c o n s e r v a t i o n  p l a n .  
Comments: The  i d e n t i f i c a t i o n  o f  w e t l a n d s  o f t e n  e n t a i l s  mapp ing ,  
w h e r e  r e m o t e  s e n s i n g  c a n  p l a y  a v e r y  s i g n i f i c a n t  r o l e .  I n  
N e w  J e r s e y ,  t h e  i m p l e m e n t a t i o n  o f  a  s t a t e  w e t l a n d s  l a w  r e q u i r e d  
a s u b s t a n t i a l  a e r i a l  p h o t o g r a p h  a n d  mapping  e f f o r t .  
S u p p l e m e n t a r y  I n f o r m a t i o n :  The  p r e s e n t  p r o g r a m  a c t i v i t y  
r e p r e s e n t s  a c o n t i n u i n g  p r o g r a m  t o  p r e v e n t  t h e  l o s s  o f  w e t l a n d s  
b y  e n t e r i n g  i n t o  a g r e e m e n t s  w i t h  l a n d o w n e r s  t o  c o n s e r v e  w e t l a n d s  
o n  t h e i r  p r o p e r t y .  T h e r e  is n o  p e r i o d i c  i n v e n t o r y  o f  t h e  
w e t l a n d s ;  w e t l a n d s  are mapped when a n  a g r e e m e n t  is r e a c h e d ,  ~ n d  
A S C S  p h o t o g r a p h y  i s  u s e d  as a s o u r c e  o f  i n f o r m a t i o n .  
Demand M a t r i x  I n p u t :  The  p r e s e n t  a c t i v i t y  l e v e l  
r e f l e c t s  estimated l i m i t e d  demand f o r  ASCS p h o t o -  
g r a p h y  - 
The 1977  l e v e l  r e f l e c t s  a  c o n t i n u a t i o n  o f  t h e  
p r e s e n t  p r o g r a m  s u p p l e m e n t e d  b y  ERTS t o  m o n i t o r  
a n d  u p d a t e  t h e  w e t l a n d  areas.  
S o u r c e :  C o n v e r s a t i o n  w i t h  S o i l  C o n s e r v a t i o n  o f f i c i a l s .  
G e o l o g i c a l  S u r v e y  
43 USC 31 
Agency A f f e c t e d :  Depar tmen t  o f  I n t e r i o r ,  G e o l o g i c a l  Survey  
Da te  P a s s e d :  3 March 1879;  5 Sep tember  1962 
Data  C o l l e c t i o n  
S t a t u t o r y  Requ i rement :  The Director o f  t h e  G e o l o g i c a l  S u r v e y  
s h a l l  h a v e  c h a r g e  o f  t h e  c l a s s i f i c a t i o n  o f  t h e  p u b l i c  l a n d s  
and  e x a m i n a t i o n  o f  t h e  g e o l o g i c a l  s t r u c t u r e ,  m i n e r a l  r e s o u r c e s ,  
and  p r o d u c t s  o f  t h e  c o u n t r y .  The s u r v e y  s h a l l  examine  t h e  
g e o l o g i c a l  s t r u c t u r e ,  m i n e r a l  r e s o u r c e s ,  a n d  p r o d u c t s  o f  t h e  
r e s t  o f  t h e  w o r l d  where  d e t e r m i n e d  by t h e  S e c r e t a r y  o f  t h e  
I n t e r i o r  t o  b e  i n  t h e  n a t i o n a l  i n t e r e s t .  
Comments: The a u t h o r i t y  p r o v i d e d  by t h i s  A c t  i s  b r i e f ,  y e t  
q u i t e  b r o a d  i n  scopc.. Remote s e n s i n g  c l e a r l y  h a s  a n  i m p o r t a n t  
r o l e  t o  p l a y  h e r e .  
S u p p l e m e n t a r y  I n f o r m a t i o n :  T h i s  l e g i s l a t i o n  i s  e x t r e m e l y  
b r o a d ,  encompass ing  a l l  o f  t h e  S u r v e y ' s  p rograms .  Program 
a c t i v i t i e s  c o v e r e d  i n  t h i s  s e c t i o n  a r e  l i m i t e d  t o  t h e  o p e r a -  
t i o n a l  t o p o g r a p h i c  mapping p rogram and  t h e  R & D l a n d  u s e  
mapping p rograms .  A l a n d  u s e  mapplng program c a l l e d  LUDA i s  
e x p e c t e d  t o  become o p e r a t i o n a l  n e x t  y e a r  w i t h  a  g o a l  o f  
p e r i o d i c  mapping o f  t h e  l a n d  c o v e r  o f  t h e  U n i t e d  S t a t e s .  Both  
t h e  t o p o g r a p h i c  and  l a n d  u s e  mapping p r o g r a m s  make e x t e n s i v e  
u s e  o f  a e r i a l  p h o t o g r a p h y .  
Demand M a t r i x  I n p u t :  The p r e s e n t  a c t i v i t y  l e v e l  
r e f l e c t s  t h e  e s t i m a t e d  3 e r i a l  p h o t o g r a p h y  r e q u i r e -  
men t s  o f  t h e  topograp l .  c mapping p rogram.  
The 1977  l e v e l  r e f l e c t s  t h e  c o n t i n u e d  n e e d s  o f  t h e  
t o p o g r a ? h i c  mapping p rogram which  i s  e x p e c t e d  by 
t h i s  t i m a  p e r i o d  a n d  t h e  r e q u i r e m e n t s  o f  an  
o p e r a t i o n a l  LUDA program.  ERTS i s  e x p e c t e d  t o  
p r o v i d e  a s i g n i f i c a n t  i n p u t  i n t o  t h e  LUDA program 
e s p e c i a l l y  i n  p r o v i d i n g  y e a r l y  u p d a t e s .  
S o u r c e :  (1) C o n v e r s a t i o n s  w i t h  U.S.G.S. o f f i c i a l s  
( 2 )  C o n g r e s s i o n a l  A p p r l p r i a t i o n  H e a r i n g s  on  U.S.G.S. 
P rograms .  
Bureau o f  Land Management 
4 3  USC 2 
Agency A f f e c t e d :  Depar tment  o f  t h e  I n t e r i o r ,  Bureau o f  Land 
Management 
D a t e  Pas=: 1 6  J u l y  1940 
D a t a  C o l l e c t i o n  
S t a t u t o r y  Requirement :  The S e c r e t a r y  o f  t h e  I n t e r i o r  or  h i s  
d e s i g n a t e  is  empowered t o  p e r f o r m  a l l  e x e c u t i v e  d u t i e s  
a p p e r t a i n i n g  t o  t h e  s u r v e y  and  s a l e  o f  t h e  p u b l i c  l a n d s  o f  t h e  
U.S. 
S p e c i f i c i t y :  Very  g e n e r a l .  Does n o t  d i r e c t  t h a t  a n y  p a r e i c u l a r  
s u r v e y s  b e  done .  
Comments: E n a b l i n g  l e g i s l a t i o n .  
S u p p l e m e n t a r y  I n f o r m a t i o n :  P r e s e n t  p rogram a c t i v i t y  i s  e s t i m a t e d  
t o  b e  v e r y  l i m i t e d  i n  s c o p e .  I t  i n v o l v e s  t h e  s u r v e y i n g  o f  p u b l i c  
l a n d  a n d  t h e  p r e p a r a t i o n  o f  c a d a s t r a l  maps. A e r i a l  p h o t o g r a p h y  
i s  u s e d  where  b a s e  maps are n o n e x i s t e n t  o r  o u t  o f  d a t e -  
Demand M a t r i x  I n p u t :  P r e s e n t  a c t i v i t y  l e v e l  r e p r e s e n t s  
a l i m i t e d  demand f o r  a e r i a l  p h o t o g r a p h y  o f  a  p r o j e c t -  
s p e c i f i c  n a t u r e .  
The 1977 l e v e l  r e f l e c t s  a c o n t i n u a t i o n  o f  t h e  p r e s e n t  
program w i t h  ERTS h a v i n g  no i m p a c t .  
S o u r c e :  G e n e r a l  i n f o r m a t i o n  o n  BLM programs .  
T a y l o r  G r a z i n g  Act  
4 3  USC 315a 
Agency A f f e c t e d :  Depar tment  o f  t h e  I n t e r i o r ,  Bureau  o f  Land 
Management 
Da te  P a s s e d :  2 8  J u n e  1934 
D l t a  C o l l e c t i o n  
S t a t u t o r y  Requirement  
- 
t c  make p r o v i s i o n  f o r  
: The S e c r e t a r y  o f  t h e  I n t e r i o r  i s  d i r e c t e d  
t h e  p r o t e c t i o n ,  a d m i n i s t r a t i o n ,  r e g u l a t i o n ,  
and  improvement o f  t h e  g r a z i n g  d i s t r i c t s  c r e a t e d  u n d e r  t h e  
a u t h o r i t y  o f  t h e  A c t ,  and  i s  d i r e c t e d  t o  do  a n y  a n d  a l l  t h i n g s  
n e c e s s a r y  t o  p r e s e r v e  t h e  l a n d  f rom d e s t r u c t i o n  a n d  t o  p r o v i d e  
f o r  i t s  o r d e r l y  u s e .  The S e c r e t a r y  is  a l s o  a u t h o r i z e d  t o  
c o n t i n u e  t h e  s t u d y  o f  e r o s i o n  a n d  f l o o d  c o n t r o l -  
Comments: Remote s e n s i n g  i s  c l e a r l y  r e l e v a n t  t o  t h e  f u l l  c a r r y i n g  
o u t  of t h e s e  p r o v i s i o n s .  
Supp lement ry  I n f o r m a t i o n :  Al though  t h e  p r e s e n t  p rogram d o e s  n o t  
i n v o l v e  a n  i n v e n t o r y  o f  r a n g e  l a n d ,  s e v e r a l  r a n g e  c o n d i t i o n  a n d  
t r e n d  s t u d i e s  a r e  c o n d u c t e d  ( w i t h  g round  s u r v e y s )  u s i n g  random 
s a m p l i n g  and  p l o t  m o n i t o r i n g  t e c h n i q u e s .  A e r i a l  p h o t o g r a p h y  i s  
u s e d  o n l y  a s  a b a s e  map where  no maps e x i s t .  
Demand M a t r i x  I n p u t :  The p r e s e n t  program a c t i v i t y  
r e f l e c t s  t h e  r e q u i r e m e n t  o f  t h e  g round  s u r v e y s .  
The 1977 l e v e l  r e f l e c t s  a n  a n t i c i p a t e d  i n p u t  by ERTS 
i n  m o n i t o r i n g  r a n g e  c o n d i t i o n s  t o  s u p p l e m e n t  t h e  
e x i s t i n g  p rograms .  
S o u r c e :  C o n v e r s a t i o n  w i t h  BLM - D i v i s i o n  o f  Range p e r s o n n e l .  
T a y l o r  Graz ing  Act 
43  USC 315f 
Agency Af fec t ed :  Department o f  t h e  I n t e r i o r ,  Bureau o f  Land 
Management 
Date Passed :  28 June  1934 
Data C o l l e c t i o n  
S t a t u t o r y  Requizement: The S e c r e t a r y  o f  t h e  I n t e r i o r  i s  au tho-  
r i z e d  t o  examine and c l a s s i f y  any l a n d s  withdrawn o r  r e s e r v e d  by 
Execu t ive  Orde r s  6910 and 6964, o r  w i t h i n  a  g r a z i n g  d i s t r i c t ,  
which a r e  more v a l u a b l e  f o r  a g r i c u l t u r a l  c r o p s  t h a n  f o r  f o r a g e  
c r o p s  o r  f o r  any  o t h e r  u s e ,  and t o  open t h e s e  l a n d s  t o  e n t r y ,  
s e l e c t i o n ,  o r  l o c a t i o n  f o r  d i s p o s a l  i n  acco rdance  w i t h  such  
c l a s s i f i c a t i o n  under  a p p l i c a b l e  p u b l i c  l a n d  laws.  These l a n d s  
s h a l l  n o t  be s u b j e c t  t o  d i s p o s i t i o n ,  s e t t l e m e n t ,  o r  o c c u p a t i o n  
u n t i l  a f t e r  t h e  same have been  c l a s s i f i e d  and opened t o  e n t r y ,  
G e x c e p t  f o r  c e r t a i n  l o c a t i o n s  f a l l i n g  under  min ing  laws.  
Comments: T h i s  law r e q u i r e s  t h e  examina t ion  and c l a s s i f i c a t i o n  
o f  m o s t  l a n d s  f a l l i n g  under  t h i s  p r o v i s i o n .  I f  t h e  proposed  
N a t i o n a l  Resource Lands Management Act o f  1973  i s  p a s s e d  i n t o  i law i n t a c t ,  t h e  exemption o f  c e r t a i n  l a n d s  f a l l i n g  under  
t .: mining laws  w i l l  b e  dropped.  
Remote s e n s i n g  may be a p p l i c a b l e  t o  t h e  p r o v i s i o n s  of  t h i s  law, 
For a d d i t i o n a l  i n f o r m a t i o n  see t h e  T a y l o r  Graz ing  Act 
( 4 3  USC 315a) .  
Oregon and C a l i f o r n i a  G r a n t  Lands 
Land U s e  
4 3  USC 1 1 8 1  
Agency A f f e c t e d :  Depar tmen t  of the I n t e r i o r ,  Bureau  o f  Land 
Management 
D a t e  P a s s e d :  2 8  Augus t  1937  
Data  C o l l e c t i o n  
S t a t u t o r y  Rean i rement :  The S e c r e t a r y  is  a u t h o r i z e d  t o  c l a s s i f y  
and  r e s t o r e  t o  homes tead  e n t r y  or p u r c h a s e  u n d e r  c e r t a i n  
p r o v i s i o n s ,  a n y  r e v e s t e d  o r  r e c o n v e y e d  l a n d  o f  t h e  Oregon and 
C a l i f o r n i a  R a i l r o a d  and  Coos Bay Wagon Road G r a n t  Lands ,  which 
a r e  more s u i t a b l e  f o r  a g r i c u l t u r a l  u s e  t h a n  f o r  u s e  as  f o r e s t ,  
r e c r e a t i o n ,  o r  o t h e r  p u r p o s e s .  
Comments: P o s s i b l e  i m p a c t  o n  r e m o t e  s e n s i n g ,  m a g n i t u d e  a l m o s t  
c e r t a i n l y  s m a l l .  
S u p p l e m e n t a r y  I n f o r m a t i o n :  The p r e s e n t  p rogram a c t i v i t y  i s  
assumed t o  be c a r r i e d  o u t  u n d e r  t h e  r a n g e  and f o r e s t  management 
f u n c t i o n s  o f  t h e  a p p r o p r i a t e  BLM management d i s t r i c t s ,  
Demand M a t r i x  I n p u t :  The p r e s e n t  a c t i v i t y  l e v e l  is 
e s t i m a t e d  t o  meet t h e  g e n e r a l  r e q u i r e m e n t s  o f  f o r e s t  
and r a n g e  management. 
The 1977 l e v e l  r e f l e c t s  a  p o s s i b l e  i n p u t  o f  ERTS t o  
s u p p l e m e n t  t h e  p r e s e n t  program.  
S o u r c e :  C o n v e r s a t i o n  w i t h  BLM o f f i c i a l s .  
Outdoor  R e c r e a t i o n  Act  
P . L .  88-29 
77  S t a t .  49 
Agency A f f e c t e d :  Depar tmen t  o f  t h e  I n t e r i o r ,  Bureau o f  Outdoor  
R e c r e a t i o n  
Da te  Passed :  28 May 1 9 6 3  
D a t a  C o l l e c t i o n  
S t a t u t o r y  Requ i rement :  S e c r e t a r y  i s  a u t h o r i z e d  t o :  
- p r e p a r e  and  m a i n t a i n  a c o n t i n u i n g  i n v e n t o r y  and  
e v a l u a t i o n  o f  o u t d o o r  r e c r e a t i o n  n e e d s  and  r e s o u r c e s  
of t h e  U n i t e d  S t a t e s ;  
- p r e p a r e  a  s y s t e m  o f  o u t d o o r  r e c r e a t i o n  r e s o u r c e s  
t o  assis t  i n  t h e  e f f e c t i v e  and  b e n e f i c i a l  u s e  a n d  
management o f  s u c h  r e s o u r c e s .  
Comments: P o s s i b l y  r e l e v a n t  t o  r e m o t e  s e n s i n g .  
Supp lementa ry  I n f o r m a t i o n :  The p r e s e n t  p rogram i s  assumed to  
m a i n t a i n  a  c o n t i n u i n g  i n v e n t o r y  u s i n g  i n f o r m a t i o n  c o l l e c t e d  
f rom any  a v a i l a b l e  s o u r c e s .  A c o m p r e h e n s i v e  p l a n  f o r  o u t d o o r  
r e c r e a t i o n  was i s s u e d  i n  1973 .  The l e v e l  o f  r e m o t e  s e n s i n g  
i n v o l v e m e n t  i s  unknown. 
Demand M a t r i x  I n p u t :  The p r e s e n t  a c t i v i t y  l e v e l  
a s sumes  a v e r y  b r o a d  r e q u i r e m e n t  w i t h  d a t a  c o l l e c t e d  
by g r o u n d  s u r v e y .  
The 1977 l e v e l  r e f l e c t s  a c o n t i n u a t i o n  o f  t h e  
p r e s e n t  program.  
S o u r c e :  G e n e r a l  i n f o r m a t i o n  on t h e  Bureau o f  O u t d o o r  R e c r e a t i o n .  
Fish and Wildlife Act of 1956 
16 USC 742 
Agency Affected: Department of the Interior, Fish and Wildlife 
Service 
Date Passed: 8 August 1956 
Data Collection 
Statutory Requirement: The Secretary shall conduct continuing 
investigations, prepare and disseminate information, and make 
periodical reports to the public, to the President, and to 
Congress, with respect to the following matters: 
( 2 )  The availability and abundance and the biological 
requirements of fish and wildlife resources. 
( 4 )  The collection and dissemination of statistics on 
commercial and sport fishing. 
( 5 )  The collection and dissemination of statistics on 
the nature and availability of wildlife, progress 
in acquisition of additional refuges and measures 
being taken to foster a coordinated program to 
encourage and develop wildlife values. 
( 7 )  Any other matters which in the judgment of the 
Secretary are of public interest in connection 
with any phases of fish and wildlife operations. 
( £ 1  The Secretary shall also 
( 4 )  take such steps as may be required for the 
development, advancement, management, conserva- 
tion, and protection of the fisheries 
resources, and 
( 5 )  take such steps as amy be required for the 
development, management, advancement, conserva- 
tion, and protection of wildlife resources 
through research, acquisition of refuge lands, 
development of existing facilities, and other 
means. 
Comments: This law presents a broad mandate for the collection 
of a wide variety of natural resources information. 
Supplementary In fo rma t ion :  The p r e s e n t  program i s  r e f l e c t e d  
by t h e  a c t i v i t i e s  of t h e  Bureau of  S p o r t  F i s h e r i e s  and 
W i l d l i f e .  A t  p r e s e n t  i n v e n t o r i e s  a r e  conducted on an 
i r r e g u l a r  b a s i s  a s  fund ing  becomes a v a i l a b l e .  A w e t l a n d s  
i n v e n t o r y  was conduc ted  i n  1965 and i s  i n  t h e  p l a n n i n g  s t a g e  
f o r  app rox ima te ly  1978. A e r i a l  photography and s u r v e y s  p l a y  
a role i n  mon i to r ing  t h e  w i l d l i f e  r e s o u r c e s .  
Demana Ma t r ix  I n p u t :  The p r e s e n t  program a c t i v i t y  
l e v e l  i n d i c a t e s  t h e  g e n e r a l  r e q u i r e m e n t  o f  t h i s  
b road  program i n  which ground s u r v e y : p l a y s  the 
major r o l e  w i t h  some i n p u t  from a e r i a l  photography .  
The 1977 l e v e l  r e f l e c t s  a n  a n t i c i p a t e d  i n p u t  by ERTS 
i n  a d d i t i o n  t o  t h e  p r e s e n t  program a c t i v i t i e s .  
Source:  Conve r sa t i on  w i t h  Bureau o f  S p o r t  F i s h e r i e s  and 
W i l d l i f e  o f f i c i a l s .  
Federal Water Pollution Control Act of 1972 
33 USC 1151 
P . L .  92-500 
Agency Affected: Environmental Protection Agency; Coast Guard 
Date Passed: 18 October 1972 
Data Collection 
Statutory Requirements: One of the many provisions of this act 
calls for the establishment of an oil spill surveillance system 
designed to provide early notice of oil and other hazardous 
substances discharge. While nominally designating the President 
for this task, the Coast Guard has been selected to implement 
this provision. 
On a more general level, Section 309 of the act prescribes a 
course of action for the EPA Administrator "whenever on the basis 
of information available to him" he finds any person in violation 
of certain of the laws provisions. 
In addition, the Administrator of EPA is directed to 
- conduct and promote the coordination and acceleration 
of, research, investigations, experiments, training, 
demonstrations, surveys, and studies relating to the 
causes, effects, extent ... of pollution; and to 
cooperate with other public and private groups in 
doing this. 
- conduct public investigations concerning the pollution 
of any navigable waters 
- establish, equip, and maintain n water quality surveil- 
lance system for the purpose of monitoring the quality 
of the navigable waters and ground waters and the 
continguous zone and the oceans; the Administrator 
shall, to the extent practicable, conduct such 
surveillance by utilizing the resources of NASA, 
NOAA, USGS, and USCG and shall report on this quality. 
A proposed Administration amendment to this law would authorize 
the study of procedures and methods, including land use require- 
ments, to control construction activity related sources of 
pollution, including run-off from the resultant facilities. 
Specificity: The oil spill surveillance system called for by 
the law mandates a definite type of information gathering program. 
The language of the law is quite precise on this. The language 
is much less specific on the precise information-gathering 
requirements for other types of pollution. 
Comments: The Coast Guard began their oil spill surveillance 
- 
program in the summer of 1973. Surveillance is performed by six 
HU-16 aircraft which provide bi-weekly coverage of part of the 
U.S. coastal waterways and weekly coverage of the Great Lakes. 
The use of satellite surveillance is currently under investigation. 
The potential for satellite application in this program appears 
strong. 
To the extent that satellite surveillance can detect other forms 
of water pollution such efforts should receive some impetus from 
this law, but the data-collection requirements are much less 
specific. With the success of RRTS sediment loading experiments 
and others, however, the provisions of this law may have more 
applicability to remote sensing. 
Supplementary Information: ThC present program is very broad and 
information requirements are determined by the specific project 
needs. Remote sensing plays an active role. 
Demand Matrix Input: The present activity level reflects 
the requiremsnts of the oil spill surveillance program 
described above. 
The 1977 level indicates a continuation of the present 
program supplemented by ERTS to reduce the area require- 
ments for detailed information. 
Source-: Conversation with Environmental Protection Agency 
officials. 
American-Mexica~ Chamieal 
Convention Act of 1964 
22 USC 277D-17 
Agency Affected: Department of State 
Date Passed: 29 April 1964 
Data Collection 
Statutory Requirement: The U.S. Commissioner of che International 
Boundary and Water Commission, United States and Mexico, fs 
authorized to conduct technical and other investigations on flood 
control and water resources, among others. 
Comments: Remote sensing should be generally applicable. I 
Supplementary Information: The present program level is esti- 
mated to apply to specific projects concerning water resources. 
It is assumed that remote sensing would apply to these projects. 
Demand Matrix Input: The present activity level reflects 
the broad requirements needed to meet the various projects. 
The 1977 level indicates a combination of the present 
program supplemented by ERTS. I 








: Agency Affccted: Department of Commerce 
Date Passed: 25 August 1950 
Data Collection 
Statutory Requirement: The Secretary of the Interior is directed 
to undertake a comprehensive continuirl,: study of species of fish 
1 of the Atlantic coast, including bays, sounds, and tributaries, 
! 
1 - in order to recommend to the coastal states apsropriate measures 
I ' for the development and protection of such resources and their 
; 1 wisest utilization. 
i Comments: Remote sensing may be applicable. 
Supplementary Information: The present program is administered 
-, ( .  . , by the National Marine Fisheries Service. The information 
requirements are related to the various types of studies being 
conducted in the coastal areas. Aerial photography is used in 
studying fish schools. 
Demand Matrix Input: The present activity level reflects 
the numerous project req.iirements within the program. 
The 1977 level indicates a continuation of the present 
program supplemented by ERTS. 
Source: General information on the National Marine Fisheries 
Service. 
Fish and Wildlife Act of 1949 
16 USC 759 
Agency Affected: Department of Commerce 
Date Passed: 18 August 1949 
Data Collection 
Statutory Requirement: The Secretary of the Interior is authorized 
to undertake a comprehensive and continuing study of the shad of 
the Atlantic Coast, to arrest the decline, increase the abundance, 
and promote the wisest utilization of shad resources. 
Commentz: Remote sensing may be applicable here. 
Supplementary Information: The present program is administered by 
the National Marine Fisheries Service. The information require- 
ments are related to the various types of studies being conducted 
in the coastal areas. Aerial photography is used in studyinu fish 
schools. 
Demand natrix Input: The present activity level reflecEs 
the numerous project requirements within the program. 
Fhe 1977 level indicates a continuation of the present 
program supplemented by ERTS. 
Source: General information on the National Marine Fisheries 
Service. 
F i s h  and W i l d l i f e  A c t  
1 6  USC 744 
Agency A f f e c t e d :  Depar tment  o f  Commerce 
D a t e  P a s s e d :  3 March 1887; 2 4  May 1950 
D a t a  C o l l e c t i o n  
S t a t u t o r y  Requirement :  The D i r e c t o r  o f  F i s h  a n d  W i l d l i f e  S e r v i c e s  
s h a l l  make i n v e s t i g a t i o n s  o f  w h e t h e r  a n y  and what  d i m i n u t i o n  i n  
t h e  number o f  t h e  f o o d  f i s h e s  o f  t h e  c o a s t  a n d  l a k e s  of t h e  
U n i t e d  S t a t e s  h a s  t a k e n  p l a c e ;  a n d ,  i f  so, t o  wha t  c a u s e s  t h e  
same is  d u e ,  and a l s o  whe ther  any  a n d  what  p r o t e c t i v e ,  p r o h i b i t o r y ,  
or p r e c a u t i o n a r y  m e a s u r e s  s h o u l d  b e  a d o p t e d  i n  t h e  p r e m i s e s .  
Comments: A v p l i c a t i o n  t o  r e m o t e  s e n s i n g  d e p e n d a n t  upon i t s  
a b i l i t y  t o  d e t e c t  f i s h  p o p u l a t i o n s  a n d  s o u r c e s  o f  f i s h  stresses- 
Supplementa ry  I n f o r m a t i o n :  The p r e s e n t  program i s  a d m i n i s t e r e d  
by t h e  N a t i o n a l  Marine  F i s h e r i e s  S e r v i c e .  The i n f o r m a t i o n  
r e q u i r e m e n t s  a r e  r e l a t e d  t o  t ?e  v a r i o u s  t y p e s  o f  s t u d i e s  b e i n g  
c o n d u c t e d  i n  t h e  c o a s t a l  a r e a s .  A e r i a l  p h o t o g r a p h y  i s  u s e d  i n  
s t u d y i n g  f i s h  s c h o o l s .  
Demand M a t r i x  I n p u t :  The p r e s e n t  a c t i v i t y  l e v e l  r e f l e c t s  
t h e  numerous p r o j e c t  r e q u i r e m e n t s  w i t h i n  t h e  program. 
The 1977 l e v e l  i n d i c a t e s  a c o n t i n u a t i o n  o f  t h e  p r e s e n t  
p rogram s u p p l e m e n t e d  by ERTS. 
S o u r c e :  G e n e r a l  i n f o r m a t i o n  o n  t h e  N a t i o n a l  Marine  F i s h e r i e s  
S e r v i c e .  
Fish and Wildlife Act of 1947 
16 USC 758a 
Agency Affected: Department of the Interior, Fish and Wildlife 
Service 
Date Passed: 4 August 1947 
Data Collection 
Statutory Requirement: The Secretary of the Interior is authorized 
to conduct studies to insure maximum development and utilization of 
the high seas fishery resources of the territories and island 
possessions of the U.S. in the tropical and sub-tropical Pacific 
Ocean and intervening areas. 
Comments: Very general data collection mandate. Remote sensing 
may be relevant. 
Supplementary Information: This legislation is not included in 
the matrix due to its lack of application to the continental U.S. 
Water Resources Planning Act 
42 USC 19621-1 
P.L. 89-30 
Agency Affected: Departments of Interior; Agriculture; Health; 
Education, and Welfare; Federal Power 
Commission 
Date Passed: 22 July 1965 
Data Collection 
Statutory Requirement- The Water Resources Council, created by 
this act, is directed to maintain a continuing study of the 
adequacy of water supplies necessary to meet the water rcquire- 
ments in each water resource region in the U.S. 
The Council is also directed to study the relation of reqional 
or river basin plans and programs to national requirements. 
Specificity: Law mandates the collection of specific water 
supply data. The second requirement more indirectly calls for 
data collection through the determination of national require- 
/ ments. j ; --: 
.- 
Comments: ERTS-1 hydrology experiments indicate feasibility of 
f water supply determination by satellite. 
Council is directed to prepare a water supply assessment at 
22 year intervals. 
Supplementary Information: The present program is reflected by 
the activities cf the Water Resources Council. Information 
I gathered for the biannual reports is assumed to be obtained from the various related programs of the sponsoring Departments with no raw data being collected by the Water Resources Council 
that would utilize aerial photography. Remote sensing is being 1 - -  used within some of i h c  R & D projects funded. 
1 
Demand Matrix Input: The present activity represents 
the biannual report required by law. 
The 1977 level indicates a continuation of the present 
program with a possible additional inpnt from ERTS. 
Source: General information on the Water Resources Council. 
N a t i o n a l  F l o o d  I n s u r a n c e  A c t  o f  1 9 6 8  
42 USC 41OL-2 
P . L .  90-448,  T i t l e  XI11 
lay.?ncy A f f e c t e d :  Depar tment  o f  Xiousing a n d  Urban Development 
. .d l .  . 
L . . te  P a s s e d :  
-. 
1 August  1968  
D,I t a  C o l l e c t i o n  
--- 
S t a t u t o r y  Reqa i rement :  The S e c r e t a r y  is  a u t h n r i z e d  t o :  
- 
- e s t a b l i s h  f l o o d - r i s k  z o n e s  i n  a l l  f l o o d  p l a i n s ,  
a n d  t o  make estimates w i t h  r e s p e c t  t o  t h e  rates 
o f  p r o b a b l e  f l o o d - c a u s e d  l o s s  f o r  t h e  v a r i o u s  
f l o o d  r i s k  z o n e s  for e a c h  o f  t h e s e  a r e a s ,  b e f o r e  
1983.  
- carry o u t  s t u d i e s  a n d  i n v e s t i g a t i o n s  w i t h  r e s p e c t  
t o  t h e  adequacy  o f  s t a t e  a n d  l o c a l  m e a s u r e s  i n  
f l o o d - p r o n e  areas as t o  land-management a n d  u s e ,  
f l o o d  c o n t r o l ,  f l o o d  z o n i n g ,  a n d  f l o o d  damage 
2 r e v e n t i o n .  
Conments: Remote s e n s i n g  a p p l i c a b l e  t o  flood z o n e  mapping a n d  
-- 
l a n d  u s e .  
Supp lementa ry  I n f o r m a t i o n :  The p r e s e n t  p rogram is  o p e r a t e d  
u n d e r  t h e  F e d e r a l  I n s u r a n c e  A d m i n i s t r a t i o n  a n d  h a s  b e e n  
s u g f l e m e n t e d  by t h e  F e d e r a l  D i s a s t e r  P r o t e c t i o n  A c t  o f  1973 ,  
which r e q u ' r e s  l o c a l i t i e s  to s u b m i t  l a n d  u s e  z o n i n g  p l a n s  f o r  
f l o o d  p l a i n s  by J u l y  1. 1975  or f a c e  t h e  l o s s  o f  F e d e r a l  f l o o d  
i n s u r a n c e .  A t  p r e s e n t  n o  u p d a t e  i s  r e q u i r e d  af ter  p l a n s  are 
s u b m i t t e d  and  a c c e p t e d .  The method o f  d a t a  c o l l e c t i o n  i s  l e f t  
t o  e a c h  l o c a l i t y ,  a n d  it i s  e s t i m a t e d  t h a t  i n  some cases 
r e m o t e  s e n s i n g  i s  u s e d .  
Demand Y a t r i x  I n p u t :  The p r e s e n t  a c t i v i t y  l e v e l  i s  
--
b a s & d  o n  t h e  a s s u m p t i o n  t h a t  t h e  J u l y  I ,  1975  dead-  
l i n e  i s  t o  b e  m e t ,  
Phe 1977  l e v e l  r e p r e s e n t s  a s  e s t i m a t e d  u s e  o f  ERTS 
t o  m o n i t o r  m a j o r  f l o o d s  i n  t h e  U.S.  
Sf Irce: C o n v e r s a t i o n  w i t h  F e d e r a l  I n s u r a n c e  ~ d m i n i s t r a t i o n  
--- 
%ff i c i a l s .  
N a t i o n a l  F lood  I n s u r a n c e  
42  USC 4102 
Agency A f f e c t e d :  Depar tment  o f  Housing and Urban Development 
D a t e  P a s s e d :  August  1968  
Data  C o l l e c t i o n  
S t a t u t o r y  Requirement :  The S e c r e t a r y  is  a u t h o r i z e d  t o  c a r r y  o u t  
s t u d i e s  and i n v e s t i g a t i o n s  o f  t h e  adequacy  o f  s ta te  a n d  l o c a l  
m e a s u r e s  i n  f l o o d - p r o n e  areas a s  t o  l a n d  management and u s e ,  
f l o o d  c o n t r o l ,  f l o o d  z o n i n g ,  a n d  f l o o d  damage p r e v e n t i o n .  
Comments: Remote s e n s i n g  s h o u l d  b e  u s e f u l  f o r  b o t h  s t u d i e s  
and  p l a n n i n g .  
F o r  a d d i t i o n a l  i n f o r m a t i o n  see t h e  N a t i o n a l  F l o o d  I n s u r a n c e  A c t  
o f  1968. 
Hous ing  A c t  o f  1 9 5 4 ,  A s  Amended 
P.L. 90-448,  T i t l e  V I  
4 0  USC 4 6 1  
Agency A f f e c t e d :  D e p a r t m e n t  o f  H o u s i n g  a n d  Urban  Deve lopmen t  
D a t e  P a s s e d :  1 A u g u s t  1 9 6 8  
D a t a  C o l l e c t i o n  
S t a t u t o r y  R e q u i r e m e n t :  The  S e c r e t a r y  i s  a u t h o r i z e d  t o  p r o v i d e  
t e c h n i c a l  a s s i s t a n c e  t o  loca l  g o v e r n m e n t a l  p l a n n i n g  a g e n c i e s  
a n d  by c o n t r a c t  o r  o t h e r w i s e ,  t o  make s t u d i e s  a n d  p u b l i s h  
i n f o r m a t i o n  o n  r e l a t e d  p r o b l e m s  d e a l i n g  w i t h  u r b a n  p l a n n i n g .  
Comments: R e m o t e  s e n s i n g  d a t a  may b e  p e r t i n e n t .  
S u p p l e m e n t a r y  I n f o r m a t i o n :  The  p r e s e n t  p r o g r a m  a d m i n i s t e r s  t h e  
C o m p r e h e n s i v e  P l a n n i n g  A s s i s t a n c e  G r a n t s .  T h e s e  g r a n t s  are 
a w a r d e d  by  e a c h  d i s t r i c t  o f f i c e  w i t h  t h e  s p e c i f i c  r e q u i r e m e n t s  
d e t e r m i n e d  b y  e a c h  g r a n t .  T h i s  i s  a p r i m a r y  s o u r c e  o f  f u n d i n g  
f o r  l a n d  u s e  mapp ing  p r o g r a m s  b y  s t a t e  a n d  l o c a l  p l a n n i n g  
a g e n c i e s .  R e m o t e  s e n s i n g  i s  u s e d  e x t e n s i v e l y  i n  t h e s e  p r o g r a m s .  
Demand M a t r i x  I n p u t :  The p r e s e n t  a c t i v i t y  l e v e l  r e f l e c t s  
t h e  b r o a d  r e q u i r e m e n t s  o f  t h e  p r o g r a m .  
The 1 9 7 7  l e v e l  r e f l e c t s  a  s t r o n g  i n p u t  b y  ERTS p l u s  a n  
i n c r e a s e  i n  t h e  p r e s e n t  p r o g r a m  l e v e l .  
S o u r c e :  C o n v e r s a t i o n  w i t h  H - U - D .  o f f i c i a l  a n d  l o c a l  d e v e l o p m e n t  
d i s t r i c t  o f f i c i a l s  i n  T e n n e s s e e .  
Dam S a f e t y  Act  o f  1972 
P.L. 92-367 
A g c ~ c y  A f f e c t e d :  Army C o r p s  o f  E n g i n e e r s  
Date P a s s e d :  8 Augus t  1972 
Da ta  C o l l e c t i o n  
S t a t ~ t o r y  Requ i rement :  The C o r p s  i s  d i r e c t e d  t o  i n s p e c t  a l l  dams 
- 
t h a t  a r e  o v e r  2 5  f e e t  i n  h e i g h t  o r  impound o v e r  f i f t y  acre - 
f e e t  o f  w a t e r ,  w i t h  t h e  e x c e p t i o n  o f  t h o s e  dams t h a t  a r e  l e s s  
t h a n  ~ i x  f e e t  i n  h e i g h t  or  t h a t  a r e  impound less t h a n  f i f t e e n  
a c r e  - f e e t  o f  water. 
Comments: I n  many r e g i o n s ,  p a r t i c u l a r l y  t h e  S o u t h e a s t  a n d  p a r t s  
o f  t h e  Midwest a n d  West, t h e  r e g i s t r y  o f  dams is p o o r .  Thus ,  
t o  c a r r y i n g  o u t  t h i s  l aw,  t h e  C o r p s  had t o  s e a r c h  f o r  u n r e g i s -  
t e r e d   dam^. ERTS imagery  h a s  b e e n  u s e f u l  i n  i d e r - t i f y i n g  w a t e r  
impoundments of as l i t t l e  a s  f i v e  a c r e s .  The l o c a t i o n  of t h e s e  
dams is a  n o n - r e p e t i t i v e  u s e  o f  ERTS, b u t  d e t e c t i o n  o f  2 u t u r e  
u n r e g i s t a r e d  dams may s t i l l  b e  mandated .  
S u p p l e m e n t a r y  I n f o r m a t i o n :  The p r e s e n t  p rogram a c t i v i t y  i s  
c o n d u c t e d  t h r o u g h  g r a n t s  t o  t h e  s t a t e s  w i t h  e x p e c t e d  c o m p l e t i o n  
by 1975.  A t  p r e s e n t  no u p d a t e  i s  r e q u i r e d ,  b u t  f u t u r e  l e g i s l a -  
t i o n  is  e x p e c t e d  t o  r e q u i r e  u p d a t i n g  a p p r o x i m a t e l y  o n c e  e v e r y  
f i v e  y e a r s .  ERTS i s  b e i n g  u s e d  i n  a n  o p e r a t i o n a l  p rogram t o  
u p d a t e  e x i s t i n g  s o u r c e s  and  t o  e n s u r e  c o m p l e t e n e s s  o f  c o v e r a g e .  
Demand M a t r i x  I n p u t :  The p r e s e n t  a c t i v i t y  l e v e l  
a s s u m e s  f i f t y  s t a t e s  mus t  b e  c o v e r e d  w i t h i n  two 
y e a r s  w i t h  summer i m a g e r y  n e c e s s a r y .  
The 1977  l e v e l  r e f l e c t s  a n t i c i p a t e d  r e q u i r e m e n t s  
o f  o n c e  e v e r y  f i v e  y e a r s  u p d a t e  w i t h  e x t e n s i v e  
u s e  o f  ERTS. 
Source :  C o n v e r s a t i o n  w i t h  r e m o t e  s e n s i n g  s e c t i o n  o f  t h e  Army 
Corps  o f  E n g i n e e r s .  
Watershed Protection and Flood 
Protection Act, As Amended 
16 USC 1001-1009 
Agency Affected: Department of Agriculture; Army Corps of 
Engineers 
Date Passed: 4 August 1954; 30 August 1972 
Data Collection 
Statutory Requirement: Upon suitable application of local 
organizations, the Department is authorized to conduct such 
investigations and surveys as may be necessary t o  prepare 
plans for flood prevention or the conservation, development, 
utilization, and disposal of water. 
The Department is also authorized in cooperation with other 
federal, state, and local authorities to make investigations 
and surveys of the watersheds of rivers and other waterways 
as a basis for the development of coordinated programs. 
Both the Army and Agriculture, when authorized by the House 
or Senate Public Works Committees, are authorized and directed 
to make joint investigations and surveys of U-S. watershed 
areas. 
Comments: Very relevant to remote sensing. 
Supplementary Information: The present program activities 
include a broad range of programs administered by the 
Department of Agriculture and the Army Corps of Engineers. 
Program requirements are dependent upon the specific 
requirements of each application. Remote sensing is utilized 
in this program. 
Demand Matrix Input: Present activity level reflects 
the wide range of requirements of this program. 
The 1977 level reflects a continuation of existing 
programs plus the use of ERTS for updating,the studies 
once every five years. 
Source: Conversation with Army Corps of Engineers officials. 
C o o p e r a t i v e  Agret?ments f o r  
S u r v e y s  and I n v e s t i g a t i o n s  
3 3  USC 883.7: 
Agency A f f e c t e d :  Depar tmen t  o f  t h e  Army, Corps  o f  E n g i n e e r s  
Da te  P a s s e d :  6 August  1947 
Data  C o l l e c t i o n  
S t a t u t o r y  Requ i rement :  The D i r e c t o r  o f  t h e  Corps  i s  a u t h o r i z e d  
t o  e n t e r  i n t o  c o o p e r a t i v e  a g r e e m e n t s  w i t h  s t a t e  and  l o c a l  
governments  f o r  s u r v e y i n g  a n a  mapping a c t i v i t i e s .  
Comments: Remote s e n s i n g  and  e a r t h  r e s o u r c e s  s a t e l l i t e s  s h o u l d  
be p e r t i n e n t  t o  t h e s e  a c t i v i t i e s  of  t h e  C o r p s ,  T h i s  s t a t u t e  
m e r e l y  p r o v i d e s  a u t h o r i t y ,  however ,  and  d o e s  n o t  manda te  a  
p a r t i c u l a r  p rogram a c t i v i t y .  
S u p p l e m e n t a r y  I n f o r m a t i o n :  The p r e s e n t  p rogram a c t i v i t i e s  
a r e  d e t e r m i n e d  b y  t h e  r e q u i r e m e n t s  o f  t h e  a g r e e m e n t s  r e a c h e d  
w i t h  t h e  s t a t e .  A r e s e a r c h  and  deve lopment  p rogram i s  underway 
t o  c o m p i l e  e n v i r o n m e n t a l  a t l a s e s  f o r  s e v e r a l  s t a t e s  u s i n g  
r e m o t e  s e n s i n g  a s  a s o u r c e  o f  d a t a .  
Demand M a t r i x  I n p u t :  The p r e s e n t  a c t i v i t y  l e v e l  
r e f l e c t s  t h e  wide  r a n g e  o f  r e q u i r e m e n t s  o f  t h i s  
program.  
The 1977  l e v e l  r e f l e c t s  a c o n t i n u a t i o n  o f  t h e  
e x i s t i n g  p rogram w i t h  t h e  u s e  o f  ERTS t o  u p d a t e  
t h e  s t u d i e s  o n c e  e v e r y  f i v e  y e a r s .  
S o u r c e :  G e n e r a l  i n f o r m a t i o n  on Army Corps  o f  E n g i n e e r s  
a c t i v i t i e s .  
Flood Control Act of 1960, As Amended 
Title If, P.L. 86-645; 33 USC 709a 
Agency Affected: Army Corps of Engineer 
Date Passed: 1 4  July 1960 
Data Collection 
Statutory Requirement: The Corps is authorized to compile and 
disseminate information on floods and flood damages, including 
identification of areas subject to inundation by floods, and 
general criteria for guidance in the use of flood plain areas; 
and to provide engineering advice to ameliorate flood hazards. 
Specificity: Calls for particular kind of data collection. 
Comments: $11,000,000 is set as the maximum annual expenditure 
of funds for this purpose. Remote sensing should be applicable. 
Supplementary Information: The present program activities are 
estimated to cover the major floods occurring in the 
United States. The actual requirements are determined by the 
frequency and magnitude of major floods during a one year 
period. 
Demand Matrix Input: The present activity level 
indicates an estimate of the number of major floods 
occurring in the U.S. during one year that require 
aerial coverage. 
The 1977 level indicates an increase in the demand 
for this type of information for pusposes of land 
use planning in flood plains. It is anticipated 
that the input from ERTS could reduce the area 
requirements of the present system. 
Source: General information on Army Corps of Engineers 
activities. 
S e c t i o n  D-2 
FEDERAL S T A T U T E S  FOR OTHER THAN LAND U S E  PLANNING P U R P O S E S  
Soil Conservation Act 
16 USC 590 
Agency Affected: Department of Agriculture, Soil Conservation 
Service 
Date Passed: 27 April 1935 
Data Collection 
Statutory Requirement: The Secretary of Agriculture is empowered 
to coordinate and direct all activities with relation L9 soil 
erosion and is authorized, from time to time, to conduct surveys, 
investigations, and research relating to the character of. soil 
erosion and the preventive measures needed, to publis! re 
results of any such surveys, investigating, or reseax . to 
disseminate information concerning such methods, an2 - t *.~nduct 
demonstrational projects in erosion-prone areas. 
Specificity: Law calls for collection of particular type of 
natural resource data, but does not specify a frequency of 
collection. 
Comments: Remote sensing appears applicable. 
Supplementary Information: The present program is operated by 
the Soil Conservation Service. There is no established inventory 
program, but a sample inventory has been conducted for the last 
two decennial Conservation Needs Inventories. Present informa- 
tion is obtained from periodic reports from the S.C.S. county 
offices. 
Demand Matrix Input: The present activity level 
represents the decennial input into the Conservation 
Needs Inventory. 
The 1977 level reflects the anticipated demands of the 
L.I.M. program plus an annual monitoring capacity with 
ERTS . 
Source: (1) National Inventory of Soil and Water Conservation 
( 2 )  Clawson, M. and Stewart, C.L., Land Use Information 
(Baltimore) The Johns Hopkins Press, 1965, 
Appendix D. 
( 3 )  Conversation with S.C.S. official. 
S o i l  Survey  Act 
4 2  USC 3 2 7 2  
Agency A f f e c t e d :  Depar tmen t  o f  A g r i c u l t u r e  
Date  P a s s e d :  7 Sep tember  1966  
Data  C o l l e c t e d  
S t a t u t o r y  Requ i rement :  The S e c r e t a r y  o f  A g r i c u l t u r e  i s  d i r e c t e d  
t o  p r o v i d e  a s s i s t a n c e  i n  s t u d i e s  of s o i l  c l a s s i f i c a t i o n  and 
i n t e r p r e t a t i o n ,  and t h e  f u r n i s h i n g  o f  t e c h n i c a l  and o t h e r  
a s s i s t a n c e  needed  f o r  u s e  o f  s o i l  s u r v e y s ,  upon t h e  r e q u e s t  o f  a 
1 :  s t a t e  0;. o t h e r  p u b l i c  agency .  
i ! -  
Comments: Remote s e n s i n g  i s  c a p a b l e  o f  a s s i s t i n g  i n  t h e  c a r r y i n g  
o u t  o f  t h i s  s b a t u t e .  
4 
! s Supplementa ry  I n f o r m a t i o n :  The p r e s e n t  p rogram i s  engaged  i n  t h e  
1 c o m p l e t i o n  o f  s o i l  maps by t h e  S o i l  C o n s e r v a t i o n  S e r v i c e .  A e r i a l  
1 p h o t o g r a p h s  a r e  used  e x t e n s i v e l y  f o r  b a s e  maps and  t o  d e l i n e a t e  
i s o i l  b o u n d a r i e s ,  t h e r e b y  c u t t i n g  t h e  t i m e  r e q u i r e d  f o r  f i e l d  work.  
Imagery  must  b e  t a k e n  d u r i n g  e a r l y  s p r i n g  t o  show b a r e  s o i l ,  a n d  
any  a v a i l a b l e  imagery  t a k e n  w i t h i n  t h r e e  y e a r s  i s  u s e d .  C o u n t i e s  
a r e  r e s u r v e y e d  a p p r o x i m a t e l y  o n c e  e v e r y  40 y e a r s .  
Demand M a t r i x  I n p u t :  T h c  p r e s e n t  a c t i v i t y  l e v e l  r e f l e c t s  
p r e s e n t .  program r e q u i r e m e n t s  f o r  s p r i n g  imagery .  
No change  i n  t h e  program i s  e x p e c t e d  by 1977 .  
S o u r c e :  C o n v e r s a t i o n  w i t h  S . C . S .  o f f i c i a l .  
Food and A g r i c u l t u r e  A c t  o f  1 9 6 5  
P . L .  89-321 
Agency A f f e c t e d :  Depar tment  o f  A g r i c u l t u r e  
Date P a s s e d :  2 November 1 9 6 5  
Data  C o l l e c t i o n  
S t a t u t o r y  Requirement :  The S e c r e t a r y  o f  A g r i c u l t u r e  i s  d i r e c t e d  
t o  d e t e r m i n e  t h e  a c r e a g e  o f  a n y  a g r i c u l t u r a l  commodity or  l a n d  
u s e  on  f a r m s  f o r  which t h e  knowledge o f  s u c h  a c r e a g e  i s  n e c e s s a r y  
t o  d e t e r m i n e  c o m p l i a n c e  u n d e r  a n y  a g r i c u l t u r a l  program.  T h i s  
d e t e r a t i n a t i o *  is  t o  be made p r i o r  t o  h a r v e s t  i f  p o s s i b l e .  
S p e c i f i c i t y :  By c a l l i n g  f o r  a c r e a g e  s u r v e y s ,  t h i s  b i l l  m a n d a t e s  
a  s p e c i f i c  k i n d  o f  d a t a  t o  b e  c o m p i l e d  b y  A g r i c u l t u r e .  
Comments: Upon deve lopment  o f  s u i t a b l e  models f o r  a c r e a g e  
d e t e r m i n a t i o n ,  r e m o t e  s e n s i n g  may be v e r y  a p p l i c a b l e  t o  t h i s  l a w .  
S ~ p p l e m e n t a r y  I n f o r m a t i o n :  The p r e s e n t  p rogram i s  o p e r a t e d  b y  
t h e  A g r i c u l t u r a l  S t a b i l i z a t i o n  a n d  C o n s e r v a t i o n  S e r v i c e .  Crop 
a c r e a g e  i n f o r m a t i o n  i s  no l o n g e r  u s e d  f o r  e n f o r c e m e n t  o f  a c r e a g e  
a l l o t m e n t c .  Under t h i s  p rogram,  t h e  ASCS o b t a i n s  l o w  a l t i t u d e  
B & W ae r ia l  p h o t o g r a p h y  o f  e a c h  c o u n t y  e v e r y  6-8 y e a r s .  T h i s  
a e r i a l  p h o t o g r a p h y  i s  u s e d  e x t e n s i v e l y  by a number o f  f e d e r a l  
a g e n c i e s .  
Demand M a t r i x  I n p u t :  The p r e s e n t  a c t i v i t y  l e v e l  reZlects 
t h e  r e q u i r e m e n t s  o f  t h e  a e r i a l  p h o t o g r a p h y  p rogram f o r  
summer imagery .  
The 1977  l e v e l  r e f l e c t s  a  c o n t i n u a t i o n  o f  t h e  e x i s t i n g  
p rogram w i t h  ERTS u s e d  t o  p r o v i d e  y e a r l y  u p d a t i n g  o f  
c r o p  a c r e a g e .  
Source :  Conversa t i011 w i t h  ASCS o f f i c i a l s .  
Agricultural Adjustment Act of 1938 
7 USC 1344 
Agency Affected: Department of ~qriculture 
Date Passed: 16 February 1938 
Data Collection 
Statutory Requirement: The Secretary of Agriculture is directed 
to determine and proclaim a national acreage allotment for 
cotton whenever a national marketing quota is proclaimed under 
section 1342 of Title 7. The national acreage allotment for a 
given year is apportioned to the states on the basis of the 
acreage planted to cotton in the preceding five years, The 
allocation of a state's allotment to the counties is based upon 
a similar historical approach. 
Comments: Remote sensing may be able to help in cotton acreage 
allotment determination by providing either a check on existing 
methods of determining cotton harvests or a more accurate and 
reliable alternative for the collection of this data. 
Supplementary Information: The present program operates under the 
provisions of the Food and Agriculture Act of 1965 with yearly 
- 
information obtained by mail surveys. 
Demand Matrix Input: The present and 1977 activity 
levels reflect the requirements of the Food and 
Agriculture Act of 1965. 
Source: Conversation with ASCS officials. 
Agricultural Adjustment Act of 1938 
7 USC 1358 
Agency Affected: Department of Agriculture 
Date Passed: 16 February 1938 
Data Collection 
Statutory Requirement: The Secretary of Agriculture is directed 
to proclaim the amount of the national marketing quota for 
peanuts between July and December of each calendar year for the I i !
crop produced in the succeeding calendar year. This quota is , 
. : based upon the average quantity of peanuts harvestkd in the past 
five years, and other trends and factors. i 
Comments: Remote sensing may be able to assist the setting of 
the peanut marketing quota by providing more accurate estimates 
- 
of peanut harvests. 
- ,  
Supplementary Information: The present program operates under the 
provisions of the Food and Agriculture Act of 1965 with yearly 
information obtained hy mail surveys- i 
! 
Demand Matrix Input: The present and 1977 activity i 
levels reflect the requirements of the Food and i 
Agriculture Act of 1965. 
.Source: Conversation with ASCS officials. 
S t a t i s t i c a l  R e p o r t i n g  S e r v i c e  
7 USC 411a ,  b  
Agency A f f e c t e d :  Depar tment  o f  A g r i c u l t u r e  
Date P a s s e d :  4 March 1909; 24 O c t o b e r  1962 
Data C o l l e c t i o n  
S t a t u t o r y  Requirement :  The month ly  c r o p  r e p o r t ,  "which s h a l l  be 
g a t h e r e d  as f a r  as p r a c t i c a b l e  f rom p r a c t i c a l  f a r m e r s , "  s h a l l  
c o n t a i n  s t a t e m e n t s  o f  t h e  c o n d i t i o n s  o f  c r o p s  by s ta tes ,  w i t h  t h e  
e x c e p t i o n  t h a t  estimates o f  a p p l e  p r o d u c t i o n  are  t o  b e  c o n f i n e d  
to t h e  commer ica l  c r o p .  
Comments: Remote s e n s i n g  s h o u l d  b e  v e r y  u s e f u l  i n  making c r o p  
e s t i m a t e s ,  e s p e c i a l l y  a s  t h e  t e c h n o l o g y  e v o l v e s .  
Supp lementa ry  I n f o r m a t i o n :  The p r e s e n t  p rogram collects  month ly  
i n f o r m a t i o n  on t h e  c o n d i t i o n  o f  c r o p s  by  r a i l  s u r v e y  a n d  f rom 
p e r i o d i c  r e p o r t s  by t h e  c o u n t y  a g r i c u l t u r a l  a g e n t s .  N o  remote 
s e n s i n g  i s  p r e s e n t l y  b e i n g  used.  
Demand M a t r i x  I n p u t :  The p r e s e n t  program r e f l e c t s  t h e  
monthly  r e p o r t s  r e q u i r e d  by l a w .  
The 1977 l e v e l  r e f l e c t s  a p o s s i b l e  month ly  i n p u t  by 
EHTS a l l o w i n g  a r e d u c t i o n  i n  t h e  s i z e  of t h c  p r e s e n t  
s a m p l i n g  program.  
Source :  C o n v e r s a t i o n  w i t h  S.R.S. o f f i c i a l s ,  
Agricultural Marketing Act of 1946, As Amended 
7 USC 1622 
Agency AffecteC: Department of Agriculture 
Date Passed: 14 August 1946 
Data Collection 
Statutory Requirement: The Secretary of Agriculture is directed 
a~ad authcrized to collect, tabulate, and disseminate statistics 
on marketing agricultural produc'i in~luding, but not restricted 
to, statiskics on market supplies, storage stocks, quaiitp, and 
condition of such products in various positions in the markecrng 
chan:rel, 
Commcnts: Data collection requirement is rather general, but 
remote sensing could play a role in ascertaining projected crop 
totals. 
Supplementary Information: The present program is the same as 
that of the Statistical ~eporting Service- 
Cotton Act 
7 USC 475, 476 
P.L. 92-331 
Agency Affected: Department of Agriculture 
Date Passed: 30 June 1972 
Data Collection 
Statutory Requirement: The Secretary of Agriculture shall cause 
to be issued as of the first of each month during the cotton 
growing and harvesting season (from August to January 
inclusive) reports descrgbing the condition and progress of the 
cotton crop and stating the probable number of bales which will 
be ginned. 
The Secretary shall issue a report on or before the 12th day of 
July of each year showing by states and in total the estimated 
cotton acreage planted to be followed on or before the 12th day 
of August with an estimate of the acreage for harvest and on or 
before the 12th day of December with an estimate of the harvested 
acreage. 
Comments: Law calls for a very precise kind of data and 
specifies the frequency with which it is to be issued. Remote 
sensing appears to offer a capability for meeting the mandated 
data collection. 
Supplementary Information: The present program operates under 
the same procedures as the Statistical Reporting Service. 
Demand Matrix Input: The present activity level 
reflects the legislative requirement for monthly 
reports during 10 months of the year. 
The 1977 level reflects an anticipated improvement 
in the reporting time by utilizing ERTS. 
Source: Conversation with S.R.S. officials. 
-- 
Forest Pest Control Act 
16 USC 594 
Agency Affected: Department of Agriculture 
Date Passed: 25 June 1947 
Data Collection 
Statutory Requirement: The Secretary of Agriculture is authorized 
either directly or in cooperation with other agencies or groups to 
conduct surveys on any forest lands to detect and appraise 
infestations of forest insect pests and tree diseases. 
Comments: This law does not mandate action; where action is 
taken, remote sensing may be useful. 
Supplementary Information: Tho prese~t program is administered 
by the Forest Service at the district level. An annual aerial 
reconnaissance survey is conducted by some districts with ground 
surveys of infested areas made every 2-3 years, but no regular 
inventory program is in operation. At present, reconnaissance 
surveys annually cover 20% of the forest land. 
Demand Matrix Input: The present activity level 
indicates an estimated fifty aerial reconnaissance 
flights during one year. 
The 1977 level reflects an anticipated increase in 
demand due to more intense forest management 
practices with ERTS being used in a regional 
monthly monitoring capacity. 
Source: Conversation with Forest Service officials. 
Plant Disease and Pest Control 
7 USC 147a 
Agency Affected: Department of Agriculture 
Date Passed: 21 September 1944 
Data Collection 
Statutory Requirement: The Secretary of Agriculture is authorized 
to carry out measures to eradicate or control insect pests, plant 
diseases, and nematodes. 
Comments: Remote sensing may be applicable to this law if plant 
disease and insect pest signatures can be reliably determined. 
Supplementary Information: The present program contains no 
regular inventory; information is obtained from periodic reports 
from county agricultural agents. A limited number of aerial 
1 
= .  I surveys are conducted to monitor specific outbreaks. 
Demand Matrix Input: The present activity level 
represents the estimated monthly reporting 
procedures during the growing season. 
The 1977 level represents a continuation of the 
present procedure with a possible, but questionable, 
monthly monitoring input by ERTS. 
Source: Conversation with Animal and Plant Health Inspection 
Service officials. 
Geological Survey 
43 USC 31 
Agency Affected: Department of the Interior, Geological 
survey 
Date Passed: 3 March 1879; 5 September 1962 
Data Collection 
Statutory Requirement: The Director of the Geological Survey 
shall have charge of the classification of the public lands 
and examination of the geological structure, mineral resources, 
and products of the country. The survey shall examine the 
geological structure, mineral resources, and products of the 
rest of the world determined by the Secretary of the Interior 
to be in the national interest: 
Comments: The authority provided by this Act is brief, yet 
quite broad in scope. Remote sensing clearly has an important 
role to play here. 
Supplementary Information: The present program level covers 
geologic mapping within the U.S. by the Geological Survey in 
cooperation with the state geologic surveys. Once an area 
has been mapped, an update is conducted only to increase the 
accuracy of the map. When a survey is conducted, extensive 
use is made of any available aerial photography. 
Demand Matrix Input: The present activity level 
reflects the extremely general requirements of this 
program and its ability to use any available photo- 
graphy - 
The 1977 level indicates a continuation of the 
existing program supplemented by inputs from ERTS. 
Source: Gcneral informatio.1 on Geological Survey. 
Extension of Co-operative 
Work to Puerto Rico 
43 USC 49 
Agency Affected: Department of the Interior, Geological 
survey 
Date Passed: 17 June 1935 
Data Collection 
Statutory Requirement: The provisions of law authorizing the 
making of topographic and geological surveys relating to 
minerals and-water resources  by^ the Geological Survey are 
extended to include Puerto Rico as well. 
Comments: General enabling legislation; no program activity 
level is specified. Remote s e n ~ i n g  may be useful in particular 
applications. 
Supplementary Information: The present program level operates 
under the same requirements as the Geological Survey's state 
geological mapping programs. 
Demand Matrix Input: The present and 1977 levels are 
the same as the Geological Survey mapping program 
noted earlier. 
Source: General information on Geological Survey. 
Geological Survey 
30 USC 641 
Agency Affected: Department of the Interior, Geological 
Survey 
Date Passed: 21 August 1958 
Data Collection 
Statutory Requirement: The Secretary of the Interior is autho- 
rized and directed to establish and maintain a program for 
exploration by private industry within the U.S. for such 
minerals, excluding organic fuels, as he shall designate, and 
to provide Federal financial assistance on a participating basis 
for that purpose. 
Comments: Broadly pertinent to remote sensing. 
Supplementary Information: The present program level covers a 
wide range of activities related to mineral exploration. Aerial 
photography is used extensivc!y in this program. Specific 
requirements are determined by the individual project specifica- 
tions. 
Demand Matrix Input: The present activity level 
reflects the broad range of the project require- 
ments. 
The 1977 level indicates a continuation of the 
existing program with ERTS providing a 
significant supplementary input. 
Source: General information on Geological Survey. 

Wildlife Protection from Pollution 
16 USC 665  
Agency Affected: Department of the Interior, Fish and Wildlife 
Service, Bureau of Mines 
Date Passed: i3 March 1934 
Data Collection 
StatuLgry Requirement: The Secretary is authorized to make such 
investigations as he deems necessary to determine the effects of 
domestic sewage, mine, petroleum, and industrial wastes, erosion 
silt, anc other polluting substances on wildlife. 
Comments: Very general non-mandatory data required. 
Supplementary Information: The present program level is esti- 
mated. Requirements of the program are determined by the 
requirements of each research project. It is assumed that 
remote sensing will play an important role in determining the 
extent and source of pollution. 
Demand Matrix Input: The present activity level reflects 
the broad range of requirements of the various researc~l 
projects. 
The 1977 level indicates a continuation of the present 
program supplemented by a possible input from ERTS. 
Source: General information on Bureau of Sport Fisheries and 
Wildlife. 
Water  R e s o u r c e s  P l a n n i n g  Act  
A l a s k a n  Water  R e s o u r c e s  
42 USC 1962D-12 
Agency Af-fect.ed: D e p a r t m e n t  o f  t h e  I n t e r i o r  
D a t e  P a s s e d :  9  A u g u s t  1 9 5 5  
Da ta  C o l l e c t i o n  
S t a t u t o r y  R e q u i r e m e n t :  The S e c r e t a r y  of t h e  I n t e r i o r  i s  a u t h o -  
- 
r i z e d  t o  make i n v e s t i g a t i o n s  o f  p r o j e c t s  f o r  t h e  c o n s e r v a t i o n ,  
d e v e l o p m e n t ,  a n d  u t i l i z a t i o n  o f  t h e  w a t e r  r e s o u r c e s  o f  9 l a s k a  
a n d  t o  r e p o r t  on  s u c h  i n v e s t i g a t i o n s .  
Comments: Remote s e n s i n g  i s  - 1 s e f u 1  h e r e ;  no g r o g r a m  a c t i v i t y  
l e v e l  i s  s p e c i f i e d .  
S u p p l e m e n t a r y  I n f o r m c t i o n :  The p r e s e n t  p r o g r a m  l e v e l  i s  e s t i -  
ma ted .  The a c t u a l  p r o g r a m  r e q u i r e m e n t s  w i l l  b e  d e t e r m i n e d  by 
e a c h  s p e c i f i c  p r o j e c t .  G iven  t h e  r e m o t e n e s s  o f  A l a s k a ,  r e m o t e  
s e n s i n g  i s  u s e d  e x t e n s i v e l y  i n  t h e s e  s t u d i e d .  
Demand M a t r i x  I n p u t :  The p r e s e n t  a c t i v i t y  l e v e l  i s  
d e t e r m i n e d  by t h e  s p e c i f i c  p r o j e c t  r e q u i r e m e n t s  b u t  
i s  u s u a l l y  o b t a i n e d  d u r i n g  t h e  summer. 
The 1977  l e v e l  i n d i c a t e s  a  c o ~ t i n u a t i o n  o f  t h e  
=+*r_r\ p r e s e n t  p r o 9 r a m  s u c p l e m e n t e d  by  ERTS i m . .  
d u r i n g  t h e  summer a n d  w i n t e r .  
S o u r c e :  G e n e r a l  i n f o r m a t i o n  o n  w a t e r  r e s o q i r c e s .  
Federal Reclamation Law 
43 USC 485g 
Agency Affected: Department of the Interior, Bureau of 
Reclamation 
Date Passed: 4 August 1939 
Data Collection 
Statutory Requirement: Those lands which have been, are, or 
may be included in any reclamation or irrigation project 
authorized by the Federal reclamation laws or operated and 
maintained by the Bureau of ~eclanation for the reclamation of 
arid lands or other purposes must be reclassified at S year 
intervals as to irrigability and productivity. 
Comments: The law mandates specific types of data but not for 
an exact quantity of land. Frequency of data collection is 
low. 
With the developme~t of suitable models, land productivity and 
irrigability esti~ates could be aided or accomplished by remote 
sensing. 
Supplementary Information: Tle present program does not follow 
the zpecific reporting requirements of the law. A continuinp 
reporting program from the irrigation districts is used in 
which land that is being reclaimed or removed from irrigation 
is noted. Data collection is done by ground survey. 
Demand Matrix Input: The present program activity 
-
level reflects the estimated general information 
.-eported to the Bureau of Reclamation. 
The 1977 le-.-el reflects the anticipated inputs of 
ERTS to supplement the existing program. 
Source: Conversations with Bureau of Reclamation officials. 
S e c t i o n  D - 3  
FUTURE FEDERAL LEGISLATION RELATED TO LAND COVER INFORMATION 
Land Use Policg nd Planning 
Assistance AL - of 1973 
S. 924; H.R. 4862 
Agency Affected: Department of the Interior, the States 
Date Passed: Still Pending 
Data Collection 
Statutory Requirement: The Secretary of the Interior may authorize 
program management grants if the State has developed a statewide 
land use ylanning process, including 
- the establishment of a method for the compilation 
and revision of data related to inventorying 
areas of critical environmental concern, areas 
impacted by key facilities and development of 
land use of regional development 
- the establishment of a method for the compilation 
and continuing revision of data related to popula- 
tion densities and trends, economic characteristics 
and projections, or environmental conditions and 
trends, and governmental service needs related to 
those areas reviewed. 
. , 
The state land use planning agencies established in response to this 
law shall give priority to the development of an adequate data base 
for a statewide land use planning process using data available from 
existing sources wherever feasible. 
The Secretary of the Interior, with the assistance of the National .. .I 
Advisory Board on Land Use Policy (established by this law), shall 
report to the President and the Congress biennial on land 
resources, uses of land, and the current and emerging problems of 
land use. 
Comments: Calls for data collection on land use as a critical 
component of the law. Remote sensing has a great potential here. 
Surface Mining Control 
and Reclamation Act of 1973 
H.R. 11500 
Agency Affected: Department of the Interior 
Date Passed: NYP 
Data Collection 
Statutory Requirement: The Office of Surface Mining Reclamation 
and Enforcement is created, which office is directed to make 
inspections of surface mining and reclamation operations. The 
office is authorized to conduct and promote the coordination and 
acceleration af research, studies, suiveys, experiments, and 
training in carrying out the provisions of the act. 
Comments: Remote sensing, and ERTS in particular, should be 
useful for identifying old strip mined areas and for monitoring 
active strip mines and reclamation activities. According to 
Rogers et at*, on-site examination of mines is hindered by 
- lack of adequate mine map coverage 
- deeply eroded, non-existent, or blocked access 
roads 
- lack of accurate or adequate records 
- the great total size of the stripped area 
- roadside reclamation planting that obscures adjacent 
barren land 
- dated aerial photographic coverage 
Thus, remote sensing could have an important role to play in the 
carrying out of the provisions of this bill. 
* 
Rogers, W.H., Reed, L.E., and Pettyjohn, W.A., "Automated 
Strip-Mine and Reclamation Mapping from ERTS," Third ERTS 
Symposium, Washington, D.C., December 10-14, 1973 
N a t i o n a l  Resource  Lands 
Hanagement A c t  
S .  1 0 4 1  
H.R. 5441 
Agency A f f e c t e d :  Depar tment  o f  t h e  I n t e r i o r ,  Bureau  o f  Land 
Management 
D a t e  P a s s e d :  S t i l l  Pend ing  
Data  C o l l e c t i o n  
S t a t u t o r y  Requirement :  The S e c r e t a r y  s h a l l  p r e p a r e  and  m a i n t a i n  
on a c o n t i n u i n g  b a s i s  a n  i n v e n t o r y  o f  a l l  Bureau o f  Land 
Management - a d m i n i s t e r e d  l a n d s  e x c e p t  t h e  o u t e r  c o n t i n e n t a l  
s h e l f ,  g i v i n g  p r i o r i t y  t o  areas o f  c r i t i c a l  e n v i r o n m e n t a l  c o n c e r n ,  
T h i s  i n v e n t o r y  s h a l l  r e f l e c t  c h a n g e s  i n  c o n d i t i o n s  a n d  i n  
i d e n t i f i c a t i o n s  o f  r e s o u r c e  v a l u e s .  
The S e c r e t a r y  s h a l l  d e v e l o p ,  m a i n t a i n ,  and  when a p p r o p r i a t e ,  
r e v i s e  l a n d  u s e  p l a n s  f o r  t h e s e  l a n d s  w i t h  t h e  l a n d  u s e  p l a n s  o f  
s t a t e  a n d  l o c a l  governments  a n d  o t h e r  f e d e r a l  a g e n c i e s ,  
The S e c r e t a r y  is a u t h o r i z e d  t o  e n t e r  i n t o  c o n t r a c t s  f o r  t h e  u s e  o f  
a i r c r a f t  f o r  a i r b o r n e  c a d a s t r a l  s u r v e y  a n d  f i r e  p r o t e c t i o n  
o p e r a t i o n s  o f  t h e  Bureau o f  Land Management. 
Comments: C a l l s  f o r  a l a r g e  d a t a  c o l l e c t i o n  e f f o r t  on  p u b l i c  
l a n d s .  F requency  i s  n o t  s p e c i f i e d .  
Remote s e n s i n g  i s  a p p l i c a b l e ,  e s p e c i a l l y  f o r  t h e  s u r v e y  a n d  f i r e  
p r o t e c t i o n  p r o v i s i o n .  
A P P E N D I X  111 
SUMMARY OF COST 
1.0 S a t e l l i t e  System Cost 
Cost da ta  f o r  the  elements i n  a  s a t e l l i t e  system a r e  
criven i n  Table 1 which has been adapted from re fe rence  1 f o r  a  
s p e c i f i c  ERS conf igurat ion (designed mission configuration-3 i n  
the  referenced r epo r t ) .  The mission conf igurat ion-3 w i l l  employ 
a  spacecraf t  with capab i l i t y  s i m i l a r  t o  ERTS-1. I t  w i l l  ca r ry  
two secsors ,  a Panchromatic Return Beam vidicon and a  n u l t i -  
s p e c t r a l  Scanner. In  addi t ion ,  t h i s  mission conf igura t ion  w i l l  
carry  two wide band video tape recorders  t o  provide g loba l  
coverage. There w i l l  be two t rack ing  and da ta  a c q u i s i t i o n  
s t a t i o n s  and the  da ta  processing w i l l  be a l l  d i g i t a l .  
The time phased investment and opera t ions  c o s t s  given i n  
the  referenced r epo r t  fo r  a  f i v e  and one-half year  opera t ing  
period a r e  shown i n  Table 1. Cost f o r  each major hardware 
element a r e  shown sepa ra t e ly ,  toge ther  with NASA C i v i l  Service 
Cost (computed a s  6 . 6 %  of t h e  annual t o t a l  investment and 
operat ion c o s t s ) .  Based upon the  data  i n  Table 1, the  time 
phased cos t s  f o r  a  s ix teen  and one-half year program have been 
projected a s  shown i n  Table 2. I n  add i t i on ,  c o s t  p ro j ec t ions  
were made fo r  s a t e l l i t e  systems employing two simultaneously 
a c t i v e  s a t e l l i t e s  i n  o r b i t  and t h r e e  simultaneously a c t i v e  





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































s a t e l l i t e  s y s t e m  program e x t e n d i n g  o v e r  a  s i x t e e n  and  o n e - h a l f  
y e a r  p e r i o d  a r e  shown i n  T a b l e  3. 
Comparing T a b l e s  2  and  1, i t  i s  s e e n  t h a t  w e  assumed 
t h a t  t h e  s i x t e e n  a n d  o n e - h a l f  y e a r  p rogram would  i n v o l v e  t h r e e  
i d e n t i c a l  p r o c u r e m e n t  c y c l e s  f o r  s p a c e c r a f t s  a n d  p a y l o a d s ,  a n d  
l a u n c h  v e h i c l e s  a r e  p r o c u r e d  as r e q u i r e d .  I n  t h e  cases o f  two 
s a t e l l i t e  and  three s a t e l l i t e  s y s t e m s ,  t h e  v a l u e s  f o r  t h e s e  
. . . . . 
c o s t  i tems were  e s s e n t i a l l y  s c a l e d  by 2 or  3 ,  r e s p e c t i v e l y .  
O p e r a t i o n s  c o s t s  f o r  t h e  o n e  s a t e l l i t e  s y s t e m  w e r e  s i m p l y  e x t e n d e d  
from t h e  v a l u e s  g i v e n  i n  T a b l e  1. F o r  t h e  two a n d  t h r e e  
s a t e l l i t e  s y s t e m s ,  judgements  w e r e  made c o n c e r n i n g  t h e  e x t e n t  
t o  which t h e  v a r i o u s  components  o f  c o s t  would  b e  i m p a c t e d  by 
two o r  t h r e e  s a t e l l i t e s  o r b i t i n g  a t  o n e  t i m e .  T a b l e s  4 a n d  5 
p r e s e n t  t h e  c o s t  e s t i m a t e s  f o r  t h e  two and  t h r e e  s a t e l l i t e  
s y s t e m s .  The s c a l i n g  f a c t o r s  t h a t  were assumed a r e  p r o v i d e d  i n  
T a b l e  6. 
L 
T a b l e  3 T o t a l *  Program C o s t s  (1977-1993) f o r  
M u l t i - S a t e l l i t e  Sys tem (1973  SM) 
Number o f  S i m u l t a n e o u s l y  
A c t i v e  S a t e l l i t e s  
r 
I n v e s t m e n t  C o s t s :  
O p e r a t i o n  C o s t s ;  
C i v i l  S e r v i c e  C o s t s  : 
1 2 3  
2 5 8  4 6 4  . 6 4 5  
- 8 4  1 1 7  150  .. 
2 6  40 5 8  
T o t a l  368  6 2 1  853 
1 
* E x c l u s i o n  o f  D a t a  P r o c e s s i n g  C o s t s  Which a r e  
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































I t  must  b e  emphas ized  t h a t  t h e  s a t e l l i t e  c o n f i g u r a t i o n  
I 
Table 6. Scaling Factors for  Oparations Costs 
u s e d  t h r o u g h o u t  t h i s  s t S l d y  i s  n o t  t h e  optimum c o n f i g u r a t i o n  f o r  
Operations Cost Element 
OCC 




Magnetic tape and paper 
Orbit operat ions 
NDPF 
MK) staffing 
Engineeritrg servieo contracts 
Expendables 
TDAS 
Oparations and maintenance 
Communications 
mtal Operations 
! a  U.S. c o v e r a g e  m i s s i o n .  Nor d i d  we u n d e r t a k e  t h e  t a s k  o f  
I 
a t t e m p i n g  t o  d e f i n e  an optimum s a t e l l i t e  c o n f i g u r a t i o n .  R a t h e r ,  














I i : t h e  s a t e l l i t e  s y s t e m  d e s c r i b e d  i n  t h i s  r e p o r t  was s e l e c t e d  f o r  
*To obtain incremental costs over the 1 Sate l l i te  case. For example, i f  the  
factor were .5 N, then for the 2 Sate l l i te  system the costs would be 1.5 
tha t  of the 1 Sate l l i t e  system. 
I a n a l y s i s  b e c a u s e  o f  t h e  a v a i l a b i l i t y  of  d e f i n i t i v e  cost d a t a  
* 
from an  e a r l i e r  NASA s t u d y .  I t  may b e  a r g u e d  t h a t  a p  optimum 
c o n f i g u x a t i o n  s a t e l l i t e  f o r  a  U.S. c o v e r a g e  m i s s i o n  may b e  o f  
academic  i n t e r e s t  o n l y  s i n c e  s u c h  a s y s t e m  would  n ~ t  n e c e s s a r i l y  
b e  c a p a b l e  o f  p r o v i d i n g  g l o b a l  c o v e r a g e .  N e v e r t h e l e s s ,  i t  i s  
- 
* See  R e f e r e n c e  1 on  page  1 1 1 - 1 9 '  
apparent t h a t  s i g n i f i c a n t  cos t  reductions can be achieved i n  
the  base l i ne  s a t e l l i t e  system used i n  t h i s  s tudy while s t i l l  
providing a  q lobal  coverage capab i l i t y .  In p a r t i c u l a r ,  t h e  
two wideband tape recorders  i n  t he  base l i ne  system appear t o  be 
the  major l i f e  l i m i t i n g  f a c t o r  o f  the p ro jec ted  2 year s a t e l l i t e  
l i f e  time. I t  i s  bei ieved t h a t  the  l i f e t i m e  of t h e  s a t e l l i t e  
(without the  t ape  recorders )  and i t s  sensor  can be extended t o  
5 years  by s l i g h t  add i t i ona l  expenditure i n  t he  a r ca  of 
s a t e l l i t e  investment c o s t  for minor modif ica t ions  t o  t h e  a l t i t u d e  
add i t i on ,  t he  base l ine  s a t e l l i t e  system used i n  t h i s  s tudy 
assumes o r b i t a l  ?lacement i s  accomplished by p re sen t  day launch 
con t ro l  system and o r b i t  cor rec t ion  system. Global coverage 
capab i l i t y  which i n  t he  p resen t  base l ine  conf igcra t ion  i s  
provided by two wideband tape recorders  could be obta ined by 
provis ion of add i t i ona l  s a t e l l i t e  ground s t a t i o n s  o r  by a  
system of 3 Tracking ant3 Data Relay S a t e l l i t e s  ( T D R S ) .  In  
veh ic les .  I n  the  1980 t s ,  t he  Space S h u t t l e  can be used f o r  
mul t ip le  placement (of two and t h r e e )  f ive-year  s a t e l l i t e s  
w i t h  add i t i ona l  cos t  savings  t o  be r ea l i zed .  
:i 
I 
2.0  High Al t i tude  A i r c r a f t  Costs 
Cost data  fox t he  elzments i n  a  high a l t i t u d e  a i r c r a f t  
system a re  developed i n  the  same manqer a s  i n  t he  s a t e l l i t e  
system and a r e  divided i n t o  t he  same c o s t  c a t ego r i e s :  Investment 
Costs ,  Fixed Annual Costs ,  and Variable Annual Costs .  The sourcs 
document f o r  t he  cos t  da ta  g ives  c o s t s  f o r  a maximum of four a i r c r a f t ;  , . 
1 : 
I f o r  the  l a r g e r  f l e e t  s i z e s  which a re  expected i n  an ope ra t i ona l  system, 1 ! 
* See Reference 2 ,  page 111-19 
a linear relationship has been assumed hetween the cost and the 
number of aircrafts. 
Table 7 is a detailed breakdown of the costs identified in 
the operation of an aircraft system. The assumed aircraft for 
this system is the 0 - 2  since the coverage is maximized with respect 
to minimum investment costs .cornpared to other possible aircraft 
(e.g., WB57, SR71). Maximum aircraft utilization is assumed to be 
20 hours per week (1,000 hours/year), and the variable costs are 
based upong the actual aircraft utilization. The sensors assumed 
in this cost analysis are a five channel multis;~2ctral scanner and 
a six inch metric camera and are applicable t o  the automated data 
processing mode. The investment costs for a strict camera system 
are approximately two thirds of the listed scanner system costs. 
Assumed in t h e ~ e  costs ;s the existence of three bases for 
the aircraft: one main base, one remote Sase, and one staging 
base. Given the range of the U-2, the geographically ideal 
locations of these bases which would allow for the full coverage 
of the U.S. including Alaska, would be in Deliver, Colorado; 
Dayton, Ohio.; and the staging base in Alaska. with thsse 
base locations, the area of the entire U.S. (excluding Hawaii) 
is within the range of a U-2 for photographic coverage. 
Table 8 presents a summary of the three components of the 
aircraft costs. Under the headinq of Investment, it should be 
noted that the Initial Setup Costs, as the name implies, are one 
time charges and are phased in on- year before the initiation of 
the operational system. The a i ~ c r a f t  leasing cost is based upon 
Ini t ia l  Setup Cost 1005 1175 1390 1610 
Remote Base 870 1040 1255 1455 
Staging Base 870 1040 1255 1455 
200 400 600 800 
Procurtpant 240 480 720 960 
Modification 
Annual Investment - Aircraft Lease 840 1680 2520 3360 
FIXED ANNUIU; COSrS 
VARIABLE ANNUAL. COST 
AQpted from Aircraft Support Study for the Earth Res~u~ces Survey 
Operational System, Executive S-, Satellite Collrplementary 










105 105 105 105 
70 105 105 105 
NONE IDQITIPIED 
NONE IDENTIFIED 
1000 1700 2490 3165 
1045 - 1820 2685 3460 
26 52 78 104 
80 110 140 170 
a t e n  y e a r  l i f e  o f  b o t h  t h e  a i r c r a f t  a n d  t h e  s e n s o r  a n d  i s  
a l l o c a t e d  t o  i n v e s t m e n t  d u r i n g  e v e r y  y e a r  o f  t h a  o p e r a t i o n a l  s y s t e m .  
i 
1 1 
The  V a r i a b l e  Annual  C o s t s  a r e  c a l c u l a t e d  o n  t h e  b a s i s  o f  t h e  a c t u a l  i 
2.153 + 1.052 x N 
Aircraft Leasing + .840 x N 
u t i l i z a t i o n  (N*) o f  t h e  a i r c r a f t ,  t o  a l l o w  f o r  t h e  p o s s i b i l i t y  o f  
less  t h a n  f u l l  u s e  o f  t h e  a i r c r a f t  d u r i n g  a n y  g i v e n  yec.r. 
FIXED ANNUAL COST 
VARIABLE ANNUAL UXT 
A s  i n c r e a s i n g  demand o v e r  t h e  y e a r s  c a n  b e  e x p e c t e d  i n  a n  
o p e r a t i o n a l  s y s t e m ,  it s h o u l d  a l s o  be e x F e c t e d  t h d t  t h e  i n i t i a l  
.175 
2.151 
s e t u p  w i l l  n o t  b e  s u f f i c i e n t  t o  a c c o m o d a t e  t h e  a i r c r a f t  r e q u i r e d  
i n  t h e  l a t e r  y e a r s .  Such  e x p a n s i o n s  i n  t h e  b a s e s  a n d  number of 
a i r c r a f t  a r e  a s sumed  t o  b e  made i n  t h e  y e a r  p r e c e d i n g  t h e  a c t u a l  
,210 
3.682 
r e q u i r e m e n t  f o r  a d c i i ~ i ~ n a l  i r c r a f t .  F u r t h e r m o r e ,  g i v e n  t h e  t e n  
y e a r  e x p e c t e d  l i f e  o f  t h e  a i r c r a f t ,  a r e - s e t u p  a n d  m o d i f i c a t i o n  
.210 
5.393 
c o s t  f o r  t h e  a i r c r a f t  a n d  s s n s Q r  m u s t  be r e p e a t e d l y  i n c u r r e d  




,570 + 1.583 x W 
When an all aircraft system is utilized, a data processing 
facility must be established to process the information gathered 
from tho high altitud(: aircraft and ground truth. The costs of 
such a facility for automatic data processing are: a setup cost 
of $5,9M, and a fixed annual cost of $0.8M. The corresponding 
costs for manual data processing are $l.lM and $.944M, respec- 
tively. 
Ground Truth Costs 
In the ground truth model we assume that all desired 
coverage will be contracted to a commercial firm on the basis 
of a per square mile of coverage. There are many factors govern- 
ing such prices, and it is common that prices will vary seasonally, 
from firm to firm, and will be dependent upon such factors as 
desirability of the coverage, aircraft congestion, the urgency 
h 
of demand, etc. Based upon the information given in References 3 
, , 
and 4, and various experience with commercial aerial photographic , . 
firms, the average cost (in 1973 dollars) for information ob- 
tained at scale of 1:24,000 is estimated at $6 per square mile. 
This cost includes the acquisition of photographic coverage 
and represents the total cost of the rented ground truth system. 
In using an average figure we tacitly assume a lower 
bound on the amount of coverage as the costs per square mile for 
small areas increases rapidly as shown in Figure 2. 
*Prices renresent~xi are averages frm 
several so*=-zs. In ,211 ins tanccs , 
s tcreoscopic coverage on black- ?ILL?- 
white pancnrozatiz filn is aszrtzed. 
(1%;) 
Note cost adjustments to 1973 dollars 
are required. 
Figure 2 Approximate Cost Per Square Mile of Coverage, by Photo Scale for 
Low Altitude Aircraft* 
4.0 C o s t  o f  Data  P r o d u c t s  
The c o s t  o f  d a t a  p z o d u c t s  d e p e n d s  p r i m a r i l y  upon t h e  t y p e  
o f  i t e m  which i s  r e q u e s t e d ,  a s  s i m p l e  p h o t o g r a p h i c  p r o c e s s i n g  m i g h t  
s u f f i c e  f o r  a p p l i c a t i o n s  i n  which b u l k  imagery  h a s  t h e  h i g h e s t  
u t i l i t y ,  w h e r e a s  r e c t i f i c a t i o n  and  i n t e r p r e t a t i o n  i n t o  l a n d  c o v e r  
c a t e g o r i e s  m i g h t  be r e q u i r e d  f o r  o t h e r  a p p l i c a t i o n s .  Al though  t h e  
p r o p o s e d  l a n d  c o v e r  i n f o r m a t i o n  s y s t e m  w i l l  b e  c a p a b l e  o f  s a t i s f y i n g  
b o t h  t y p e s  o f  r e q u e s t s ,  t h e  c o s t  d a t a  p r e s e n t e d  h e r e  c o r r e s p o n d s  t o  
t h e  c?emand i d e n t i f i e d  i n  t h i s  s t u d y  a s  L e v e l  I ,  L e v e l  11, and  
L e v e l  I11 l a n d  c o v e r  i n f o r m a t i o n .  
.. . 
A m a j o r  d i f f e r e n c e  i n  c o s t  i s  f o u n d  be tween  manual  and a u t o -  
m a t i c  ( d i g i t a l )  t e c h n i q u e s .  The s o u r c e s  o f  t h i s  d i f f e r e n c e  are 
two: c o s t  s a v i n g s  a t  e q u a l  c a p a b i l i t y ,  and i n c r e a s e d  c a p z b i l i t y ;  
b o t h  a r e  i n  f a v o r  o f  a u t o m a t e d  t e c h n i q u e s .  I n  t h e  manual  mode 
s a t e l l i t e  is c a p a b l e  o f  L e v e l  I ,  h i g h  a l t i t u d e  a i r c r a f t  L e v e l s  I 
a n d  11, a n d  g round  t r u t h  L e v e l s  I, 11, a n d  111. I n  t h e  a u t o m a t i c  
mode t h e  s a t e l l i t e  i s  c a p a b l e  o f  L e v e l s  I a n d  11, h i g h  a l t i t u d e  
a i r c r a f t  L e v e l s  I ,  11 a n d  111, and g round  t r u t h  i n  t h e  mop up and  
s a m p l i n g  mode f o r  L e v e l s  I ,  11, a n d  111. 
T a b l e  9 p r e s e n t s  t h e  b r e a k  down o f  t h e  c o s t s  i n  manual  
I 
i n t e r p r e t a t i o n  by L e v e l  o f  d e t a i l  a n d  e x p e c t e d  s e n s o r .  T a b l e  11 
p r e s e n t s  t h e  p r o j e c t e d  c o s t  breakdown f o r  a u t o m a t e d  i n t e r p r e t a t i o n  
-. 
.+ 
by l e v e l  o f  d e t a i l  and  e x p e c t e d  s e n s o r .  
L 4 
Table 9 Cost of Manual Production of Naps 
(Dol la rs  per  Square Mile) 
Level 111 3 
GT 
1:24,000 
included i n  





1. Based on purchase c o s t  of  one ERTS c o l o r  composite p r i n t  
a t  $9.00/frame from t h e  ERDS Data Center a t  Sioux F a l l s ,  
S. D. The e f f e c t i v e  a r ea  of one ERTS frame is 7200 m i 2 .  
2. aased on purchase c o s t  o f  one high a l t i t u d e  a i r c r a f t  co lo r  
t ra~ tsparency  a t  $4.00/frame from t h e  EROS Data Center a t  
Sioux P a l l s ,  S. D. The e f f e c t i v e  coverage of one high 
a l t i t u d e  a i r c r a f t  frame with 60% forwardlap and 30% 1 
s i d e l a p  is  88 mi2. 
3. Cost and time r e s u l t s  genera l ized  from t h e  r e s u l t s  r e p o ~ t e d  
by ERTS p r i n c i p l e  i n v e s t i g a t o r s  (See r e f e r e n c e s  5-9 on 3. 
Level I1 2 








(Film and Processing) 
C l a s s i f i c a t i o n  and 
I n t e r p r e t a t i o n  
Processing 
(Cartographic Costs)  
TOTAL 
t 









1 Table 10 Projected Cost of Digital Production 
of Maps (1973 Dollars per Square Mile) 
approach. An order of magnitude decrease in computer-time 
could be possible through the utilization of a special pur- 
pose computer (MIDAS). A decrease in man hours could be 
possible through the utilization of an unsupervised classi- 
fier at the expense of additional computer time. 
5. Based on the commercial cost of line printer output plus 
printing time. 
6. Based on correspondence with Earth Resource Laboratory, 














1. A s  the state of the art is rapidly advancing and current 
one-time costs are disproportionately high, projections 
of the component costs have been made which reflect the 
expected production mode cost of processing. 
. -. -. - .. .. 
2. Based on commercial acquisition price of magnetic tapes plus 
the computer time necessary to copy the tapes. 
3. Based on production mode figure cited by Ralph Bernstein in 
the Ninth International Symposium on Remote Sensing of En- 
vironment. Ann Arbor April 15-19. 1974. 
4. Based on total cost (man hours, computer time) of the pro- 










































Although the major portions of the processing costs occur 
at the levels given in Tables 9 and 108 it should be recognized 
that the sensors can always collect less detail than their 
maximum. In this manner, an high altitude aircraft, which is 
capable of Level 111 in the automatic mode, can also acquire 
data at Levels I and 11, and in the aircraft/ground combination, 
the high altitude aircraft is forced to acquire those data. 
Similarly, ground truth might be required to gather all Level 11 
and Level I11 information as is the case in the satellite/ground 
manual interpretation mode where the satellite is capable of 
only Level I. In recognition of this upwards compatibility, 
Table 11 presents both the m a ~ ~ u a l  and the projected automatic 












Table 11 Costs r.f i.and Covsr I n f o r s ~ t i o n  
(dollars per square mile) 
Leve l  I 
Level  11  
Leve l  I11 
- ... 
Man ua 1  Automatic  
S a t e l l i t e  A i r c r a f t  Ground S a t e l l i t e  Aircraft Ground 
.14 1 . 1 3  1 1 . 0  . 048  - 8 0  1 1 . 0  
NC 1 . 6 0  1 2 . 5  ,194  - 9 7  1 2 . 5  
NC NC 1 4 . 6  NC 1 . 4 2  1 4 . 6  
NC - The s e n s o r  i s  incapab le  of prov id ing  t h e  requ ired  d e t a i l .  
SELECTED REFERENCES 
E a r t h  R e s o u r c e s  S u r v e y  (ERS) O p e r a t i o n a l  S y s t e m  S t u d y  
F i n a l  R e p o r t .  Review Copy. S e p t e m b e r ,  1 9 7 3  Goddard  
S p a c e  F l i g h t  C e n t e r ,  G r e e n b e l t ,  M a r y l a n d .  
A i r c r a f t  S u p p o r t  S t u d y  f o r  t h e  E a r t h  R e s o u r c e s  S u r v e y  
O p e r a t i o n a l  S y s t e m ,  E x e c u t i v e  Summary S a t e l l i t  Comple- 
m e n t a r y  S y s t e m s .  O c t o b e r  1973 .  NASA, Anes R e s e a r c h  
C e n t e r ,  Mof f e t t  F i e l d ,  C a l i f o r n i a  94035. 
C h a r l e s  E. T a n n e r ,  "A L i m i t e d  C o s t  S t u d y  o f  P h o t o g r a p h i c  
D a t a  A c q u i s i t i o n  f o r  t h e  Sam H o u s t o n  N a t i o n a l  F o r e s t  
S t u d y " .  Lockheed  E l e c t r o n i c s  Company, I n c .  H o u s t o n  
A e r o s p a c e  S y s t e m s  D i v i s i o n ,  H o u s t o n ,  T e x a s ,  May, 1973 .  
E a r t h  S a t e l l i t e  C o r p o r a t i o n ,  I n t e r i m  R e p o r t  - A n a l y s i s  
-- - 
o f  C o s t s  a n d  B e n e f i t s  f r o m  U s e  o f  ERS D a t a  i n  S t a t e  
Land U s e  P l a n n i n p ,  S t u d y  f o r  t h e  U. S. D e p a r t m e n t  o f  
I n t e r i o r s ,  G e o l o g i c a l  S u r v e y ,  May 1 9 7 4 .  
Krumpe, P. F . ,  L a u e r ,  D .  T . ,  N i c h o l s ,  J. D .  
"ERTS-1 A n a l y s i s  o f  W i l d l a n d  R e s o u r c e s  U s i n g  Manual  a n d  
A u t o m a t i c  T e c h n i q u e s , "  Symposium P r o c e e d i n g s  - 
Management a n d  U t i l i z a t i o n  o f  Remote S e n s i n g  D a t a ,  
O c t o b e r  29 - November 1, 1 9 7 3 ,  p p .  50-66. 
Vegas ,  P a u l  L . ,  A D e t a i l e d  P r o c e d u r e  f o r  t h e  U s e  o f  
S m a l l  S c a l e  P h o t o g r a p h y  i n  Land Use C l a s s i f i c a t i o n ,  NASA 
E a r t h  R e s o u r c e s  L a b o r a t o r y ,  H o u s t o n ,  T e x a s .  
Vegas ,  P a u l  L . ,  E x t r a c t i n g  Land Use I n f o r m a t i o n  From 
The E a r t h  R e s o u r c e s  T e c h n o l o g y  S a t e l l i t e  D a t a  B y  
C o n v e n t i o n a l  I n t e r p r e t a t i o n  Methods ,  NASA, 
R e s o u r c e s  L a b o r a t o r y ,  H o u s t o n ,  T e x a s .  
S impson ,  R o b e r t  B . ,  L i n d g r e n ,  Dav id  T . ,  Ruml, D a v i d  J . ,  
G o l d s t e i n ,  W i l l i a m ,  I n v e s t i s a t i o n  o f  Land Use a t  
N o r t h e r n  M e g a l o p o l i s  U s i n g  ERTS-1 I m a g e r y ,  H a n o v e r ,  
N e w  H a m p s h i r e ,  D a r t m o u t h  C o l l e g e  P r o j e c t  I n  Remote 
S e n s i n g ,  A u g u s t  1 9 7 3 .  
C o r r e s p o n d e n c e  w i t h  Eas tman  Kodak C o r p o r a t i o n  
Laboratory for Applications of Remote Sensing, Machine 
Processing of Remotely Sensed Data, Conference Proceed- 
ings October 16-18, 1973. 
Sidney L. Whitley, A Procedure for Automated Land Use 
Mapping Using Remotely Sensed Multispectral Scanner 
Data, NASA Earth Resources Laboratory, Bay St. Louis, 
- 
Miss. 10 August 1973 
I.S. Haas et. al., Digital Data Processing and Infor- 
mation Extraction for Earth Resources Applications, 
General Electric Company, Philadelphia, Pa. 
Clay Jones, "Implementation of an Advanced Table Look- 
up Classifier for Large Area Land-Use Classification", 
Ninth International Symposium on Remote Sensing of 
Environment. Ann Arbor, Michigan April 15-19, 1974 
Walter G. Eppler, "An Improved Version of The Table 
Look-up Algorithm for Pattern Recogniti0n"xinth 
- 
International Symposium on Remote Sensing of 
Environment, Ann Arbor, Mich. April 15-19, 1974. 
Ralph Bernstein, "Digital Image Correction and Infor- 
mation Extraction" Ninth International Symposium on 
Renote Sensing of Environrent, Ann Arbor, Mich., 
April 15-19, 1974. 
Herbert Gurk, "User Data Processing Requirements," 
The Proceedings of the Princeton University Conference 
on Aerospace Methods for Revealing and Evaluating 
Earth's Resources, Sept. 25-26, 1969. 
B. J. Davis and P. H. Swain, "An Automated and Re- 
peatable Data Analysis Procedure for Remote Sensing 
Applications," Ninth International Symposium on Remote 
Sensing of Environment, Ann Arbor, Mich., April 15-19, 
1974. 
APPENDIX IV 
S e l e c t e d  D e t a i l e d  L i f e  C y c l e  C o s t s  
I n  o r d e r  t o  o b s e r v e  t h e  c o m p l e t e  e f f e c t s  o f  t e c h n o l o g y  
c h o i c e s  and  demand v a r i a t i o n s ,  s e v e r a l  c o m p u t e r  r u n s  o f  t h ~  
model  w e r e  made. I n c l u d e d  i n  t h e s e  r u n s  w a s  t h e  a s s u m p t i o n  
t h a t  t h e  s y s t e m  i n i t i a t i o n ,  t h a t  i s  t h e  i n i t i a l  s e t u p  i n c l u d i n g  
p r o c u r e m e n t  a n d  m o d i f i c a t i o n  o f  t h e  s e n s o r s  a n d  t h e i r  
. , < .  
a s s o c i a t e d  f a c i l i t i e s ,  w i l l  b e g i n  i n  1 9 7 5  a n d  t h a t  t h e  o p e r a t i o n a l  I : 
demand w i l l  b e g i n  i n  1 9 7 7  a n d  c o n t i n u e  t h r o u g h  1 9 9 3 .  The  two 
year p h a s e  i n  p e r i o d  a l l o w s  f o r  t h e  , : p e r a t i o n a l  s y s t e m  t o  b e  
r e a d y  i n  1 9 7 7 .  
The l i f e  c y c l e  c o s t s  o f  t h e  s y s t e m s  w e r e  compu ted  i n  
b o t h  t h e  u n d i s c o u n t e d  b a s e  a n d  d i s c o u n t e d  t o  1974  a t  1 0 % .  The 
d i s c o u n t e d  v e r s i o n  l e n d s  i n s i g h t s  i n t o  t h e  t o t a l  p r o g r a m  
c o s t s  w h i l e  t h e  u n d i s c o u n t e d  v e r s i o n  i l l u s t r a t e s  t h e  a c t u a l  
c o s t  v a r i a t i o n s  i n  y e a r  t o  y e a r  o p e r a t i o n s .  
Each  c o m p u t e r  r u n  i s  d i v i d e d  i n t o  two p a g e s ,  e a c h  p a g e  
h a v i n g  t h e  same t h r e e  c o m p o n e n t s .  The  f i r s t  p a g e  i s  t h e  u n d i s -  
c o u n t e d  c o s t s ,  a n d  t h e  s e c o n d  i s  t h e  d i s c o u n t e d  c o s t s .  The 
f i r s t  component  o n  e a c h  p a g e  i s  a  summary o f  t h e  t o t a l  y e a r l y  
c o s t s  i n  R D T & E ,  I n v e s t m e n t ,  a n d  O p e r a t i o n s  ( a c t i v i t y  l e v e l  d e -  
p e n d e n t  a n d  a c t i v i t y  l e v e l  i n d e p e n d e n t ) .  The  n e x t  two c o m p o n e n t s  
a r e  t h e  d e t a i l e d  b reakdowns  f o r  t h e s e  c o s t s  d i s c r i b u t e d  t o  t h e  
s a t e l l i t e ,  h i g h  a l t i t u d e  a i r c r a f t ,  a n d  g r o u n d  t r u t h  s y s t e m s .  
F o r  t h e s e  a n a l y s e s ,  w e  h a v e  a s sumed  t h a t  a l l  RDT&E 
s p e n d i n g  h a s  b e e n  c o m p l e t e d  b e f o r e  1974  a n d  t h a t  t h e r e  w i l l  b e  
no  f u r t h e r  RDT&E e f f o r t s  f o r  a n y  o f  t h e  s c n s o r s .  The 
I n v e s t m e n t  c o a t s  c o r r e s p o n d  t o  b o t h  t h e  i n i t i a l  s e t u p  c o s t s  o f  
t h e  f a c i l i t i e s  r e q u i r e d  t o  h o u s e  a n d  o p e r a t e  t h e  s e n s o r s  
a n d  t h e  y e a r  t o  y e a r  c h a r g e s  t o  p r o c u r e  new s a t e l l i t e s ,  
a i r c r a f t  l e a s i n g ,  e t c .  The a c t i v i t y  l e v e l  d e p e n d e n t  c o s t s  a r e  
t h o s e  w h i c h  v a r y  mos t  d i r e c t l y  w i t h  t h e  l e v e l  o f  a c t i v i t y  o f  
t h e  s e n s o r .  T h e s e  c o s t s  c o r r e s p o n d  t o  t h e  m a i n t e n a n c l ,  
f u e l i n g ,  a n d  p e r s o n n e l  r e q u i r e d  t o  s u s ' t a i n  t h e  r e q u i r e d  
u t i l i z a t i o n  l e v e l .  I n c l u d e d  a l s o  i n  t h e s e  c o s t s  a r e  t h e  
i n t e r p r e t a t i o n  a n d  p r o d u c t i o n  c o s t s  r e q u i r e d  t o  p r o v i d e  t h e  
l a n d  c o v e r  i n f o r m a t i o n  t o  t h e  v a r i o u s  u s e r s .  The  a c t i v i t y  
l e v e l  i n d e p e n d e n t  c o s t s  a r e  t h o s e  w h i c h  d o  n o t  v a r y  a s  a  
f u n c t i o n  o f  t h e  u t i l i z a t i o n  o f  t h e  f a c i l i t y  or  o f  t h e  
s e n s o r s .  They c o r r e s p o n d  t o  t h e  c o s t  r e q u i r e d  f o r  t h e  b a s i c  
management  o f  t h e  f a c i ' i t j  e s .  
P r e s e n t e d  a l o n g  w i t h  e a c h  o f  t h e  c o s t  b r e a k d o w n s  i s  
a  d e s c r i p t i o n  on  t h e  demand a n d  t e c h n o l o g y  f o r  w h i c h  t h e  
r e s p e c t i v e  t a b l e s  a r e  c r e a t e d .  By c a r e f u l l y  e x a m i n i n g  t h e  
o u t p u t s ,  o n e  i s  a b l e  t o  o b s e r v e  i n  t h e  c o s t  d i f f e r e n c e s  t h e  
e f f e c t s  o f  t h e  s y s t e m  c h a n g e s .  
L i f e  C y c l e  C o s t s  t o  Prov ide  
Land Cover Informat ion  for  A l l  
Federa l  User Denand - 1977 
Manual Data P r o c e s s i n g  
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MILLIONS OF UNDISCOUNTED 1973 DOLLAilS 
SYSTEM ALTERNATIVE -- AIRCRAFT,'GROU; JD 
ALLOWABLE C!.OUD COVER -- 0-3036 

























































































3 * '.. 1 
I.IFE CYCLE COSTS 
MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10% 
SYSTEM AI TERNATIVE -- AIRCRAFT/GROUND 
ALLOWABLE CLOUD COVER -- 0-30% 
NO~~-RECU&RING COSlS RECUQUING COSTS 
ACTl'ilTV ACl l t l lY  
f lStAL LEVEI LEVEL AWNUAL 
YEAU R O T W  INVfS lMCNV DLPENOFRT INDEPENDEN1 COSTS 
1915 0.00 0.00 O~bn 3.00 0.00 
1976 0.00 13.41 0.00 0.00 13.99 
19?1 0.00 u.20 11 3.9r 0.16 172.33 
1978 U.00 7.46 81-30 0.14 88.91 
1979 0.OC 6.18 13-91 0.13 80.82 
1980 0.00 6-16 670 19 0.12 73.48 
1981 0.00 5.60 61.011 0.11 66.50 
1982 0.00 5.09 71 .2n 0.10 16.39 
1983 0.00 4.63 50 048 0.09 55.20 
19tl4 0.00 4.21 45.89 0.0a 50.18 
1985 0.00 3.83 41.72 0.07 45.62 
1986 0.00 7.84 37.93 0.07 45.83 
198T 0.00 3.16 44.21 0.06 47.44 
1908 0.00 2.81 31.35 C.06 34.28 
i9a9 0.00 2.61 ~ 8 . ~ 0  0.05 31.16 
1 P90 0.00 2.38 25-91 0.05 21-33 
1991 0.00 2.16 23.55 0.04 25.75 
1992 ' 0.CO 1.96 27.45 0.04 29.45 
1993 0.00 1.79 19.46 0.03 21.28 
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LIFE CYCLE COSTS 
FISCAL 




















MILLIONS OF UNDISCOUNTED 1973 DOLLARS 
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND 
ALLOWABLE CLOUD C O V ~ S  -- 0-10% 
HON-Rt.CURIt1 h G  LO515 PECt'*UINS COSIS 

















































































LIFE CYCLE COSTS 
MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10% 
SYSTEM ALTERNATIVE -- AIRCRAFT/GRWND 
ALLOWABLE CLOUD COVER -- 0-10% 
f I SCAL 
YEAR 































































Lf.vcl LCVf.1. INNUtL 
DEPCtai t IT  1sCDEPtEdPhl CEStS 
0.00 0.00 0.00 
0.00 0.00 13.99 
134.69 0.16 143.05 
100.lc 0. I* 107.15 
91.04 0.13 97.95 
82.76 0.12 . 49.05 
75.24 0.11 80.95 
Me07 0.10 89.26 
62.111 0.09 66.90 
S6.S3 0.08 60.82 
5 1 . 3 ~  0.07 55.29 
66. I ?  0.07 54. 62 
52.2n 0.06 55.43 
38.61 0.06 41 eS4 
35. ! 0 8.05 37.76 
31 091 0.05 34.33 
29.01 0.04 31.21 
32.41 0.04 35.41 
.23,9? 0.03 25.79 
lC27.911 1.39 1120.11 
L i f e  Cycle C o s t s  to Provide 
Land Cover Information for A l l  
Federal U s e r  Demand - 1977 
Automatic Data Processing 
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I 1 " t  
1 v 9 .! 
MILLIONS OF UNDISCOUNTED 1973 DOLLARS 
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND 
ALLOWABLE CLOUD COVER -- 0-30% 
NON-HECUHHINC. COSTS RFCll~klrtG COS1S 
AClIVIIV ACIIVllV 
l LVFt LF VEL ANN!lAL 
HIIT&€ lYVESIMEN1 UtVCkD(.Nl lh;MPt.r!OFNI COSIS 
0.00 0.00 0.0n 0.00 0.00 
0.00 19.23 0.00 0.00 19.23 
o.co 1 ~ . 1 2  eo.o? 0.21 93.35 
0.00 11 .SZ 77.10 0.21 88. 92 
0.00 10.92 77.19 0.71 88.33 
0.00 10.92 71-19 0.21 68.37 
0.00 10.92 77.19 0.21 AH. 32 
0.00 10.92 66-82 6.21 91 .95 
0.00 10.92 77.19 0.21 68.32 
0.00 10.92 77.19 0.21 68-32 
o.ao 10.92 77.19 F.ZI 88.3~ 
0.00 26.60 77.19 0.7: 102.00 
0.00 1 0 . v ~  no. a7 . 0.71 91.95 
0.00 10.9Z 77. I 9  0.21 RO.32 
0.00 . 10.92 77.19 0.21 88.32 
0.00 10.92 77.19 0.21 18.32 
C.00 10.92 7?.19 0.21 88.32 
0.00 10.92 a n . 6 ~  0.21 91.95 
6.00 10.92 77-19 0.21 18.32 
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l V V 1  
199: 
t u v ,  
MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10% 
SYSTEAULTERNATIVE -- AIRCRAFT/GROUND 
ALLOWABLE CLOUD COVER -- 0-303L 
ntC11Hlt1t;C LO% IS 
ACTIVIIY ACllVIlY 
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LIFE CYCLE COSTS 
MILLIONS OF UNDISCOUNTED 1973 DOLLARS 
SYSTEM ALTERNATIVE -- 2 SATELLITE/NRCRAFT/GROUND 
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LIFE CYCLE COSTS 
MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10% 
SYSTEM ALTERNATIVE -- 2 SATELLITE/AIRCRAFT/GROUND 








































6 .  t ?  




JH5. l .l 
RL.CUqOlNG COSTS 
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LIFE CYCLE COSTS 
MlLLlONS OF UNDISCOUNTED 1973 DOLLARS 
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND 
ALLOWABLE ClOb3 COVER -- 0-10% 
FlSCAL 
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51 . ' I t  
+h.6* 
t.f. , 1.h 
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41,.*,4 
'4. I %  
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1, I ,  . t. I 
t.t .44 
50.hh 
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VkC RUING COSTS 
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LlFE CYCLE COSTS 
MILLIONS OF 1973 DOLLARS 9ISCOUNTED TO 1974 AT 10% 
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND 
ALLOWABLE CLOUD COVER -- 0-1 0% 
RCC l lWit i6 COSIS 
ACllV T v  ACTIVITY 
LKVk I . T V t l .  
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LIFE CYCLE COSTS I 
MILLIONS OF UNDISCOUNTED 1973 DOLLARS i i 
SYSTEM ALTERNATIVE -- 2 SATELLITE/AIRCRAFT/G~OU~~D i 













































LIFE CYCLE COSTS 
MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10% 
SYSTEM ALTERNATIVE -- 2 SATELLITE/AIRCRAFT/GROUND 
AL~LOWABLE CLOUD COVER -- 0-10% 
NON-Irk LVHU 1 Hf* COSTS 111 C l J H H  1 h'G COSTS 
ACl1YIlV CCllYITV 
F I S C ~ L  L ~ V F L  L F \ L \  ANNIIAI. 
VEAH UUThE IIIVL S?HF NT I t .  I !  I I I T  COSTS 
1975 0 . n ~  14.45 0.00 1.00 15.rr5 
19 th  0.00 5J.11 0.00 3.0h 5L.17 
1917 0.00 60.hh 62-74 2.79 106.19 
1978 0.00 l ? . l 6  60.68 I a&& 79.LR 
1919 0.00 14.60 55.10 1.12 70.83 
I980 0100 ha05 50.09 0.51 '56.66 
19d l  0.00 lH.54 45.56 1.3'4 65.46 
1902 0.00 23.35 40.112 1.68 64. Hb 
19d3 0.00 lH.S* 37.64 1-40 57.!iR 
1914 0.00 Y.t.8 34.21 0.81 44.7 1 
1985 0.00 U.T4  31.10 0.63 39 .')B 
1966 0.00 6.10 1M.28 U.29 36.66 
1987 0.00 10.46 25.35 0.7tI 36.60 
!Y&H 0.00 12.62 23.37 0.95 36.94 
1 9 8 ~  0.00 10.47 21.2* 0.79 32 50 
IYYP 0.00 5.47 19.31 0.46 ZS.?C 
1991 0.00 4.65 17.56 0.36 22.57 
1992 0.00 1.93 15.74 0.1 b 17183 
1993 0.00 3.36 14.51 O.2b 1P.13 






















Life Cycle Costs to Provlde 
Land Cover Information for 
Projected Demand from All Sources 
Projected Level I1 Demand: 
1977 - 1993 S i x  times at 60 days 
Automatic Data processing 
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MILLIONS OF UNDISCOIJNTED 1973 DOLLARS , 
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND 
ALLOWABLE CLOUD COVER -- 0-30% 






















LIFE CYCLE COSTS 
MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10% 
SYSTEM ALTERNATIVE '- AIRCRAFT/GROUND ' 













































LIFE CYCLE COSTS 
MILLIONS OF UNCiSCOUNTED 1973 DOLLARS 
SYSTEM ALTERNATIVE -- 2 SATELLITE/AIRCRAFT/GROUND 
ALLOWABLE CLOUD COVER -- 0-30s 
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LIFE CYCLE COSTS 
MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10% 
SYSTEM ALTERElATiVE -- 2 SATELLITE/AIRCRAFT/GROUND 
ALLOWABLE CL3UD COVER -- 0-30% 
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LIFE CYCLE COSTS 
FISCAL 




















MILLIONS OF UNDISCOUNTED 1973 DOLLARS 
SYSTEM ALTERNATIVE -- AIRCRAFT/GROUND 



































































O . V ~ )  r * r b o u  
RECUWING COSTS 
ACTIVrTY h C T l Y  
LC VEl LEVC 
O E P F ~ F N I  1NDEPt 




153 .79 0. 
153.79 0 • 
153.79 0. 
155.13 0 • 
155.73 0. 






















































LIFE CYCLE COSTS 
MILLIONS OF 1973 DOLLARS 3ISCOUNTED TO 1974 AT 109.b 
SYSTEM ALTERNATIVE -- AIRCRAFT/GRO'LIND 
ALLOWABLE CLOUD COVER -- 0-10% 



















I s , .: '* 
!'r.24. 
1 '. . CJ'J 
IC.59 
I 1  .'.5 
11 +'e l  
S' . fbh  
3'1:1.'.6 
~ C T t V l t Y  
LEVEC 
It:OEPit:3ENf 
5Jf WA G I  
0.00 O.OD 0.00 
c.00 c.qo 0.00 
0.00 0.1E 3.00 
0.00 0.14 0.00 
0.CO 0.13 0.00 
0.00 0 * 1 2  0.00 
0.00 0.11 0.JO 
0.00 0.10 o.r.0 
0100 0.09 C.00 
C,O@ o,na 6.00 
0.10 C.07 0.06 
0. ' 0  e.07 0.00 
0 . 0 0  G.04 0.CO 
D.09 0.06 0.00 
0.00 5.35 c.00 
E. 00 c.05 n.00 
C.00  0.C4 0.03 
'J.01' 0.3% 0.30 
O.GO C.03 c.00 
0.00 1 e39 0.00 
LIFE CYCLE COSTS 
MILLIONS OF UND~SCOUNTED 1973 DOLLARS 
SYSTEM ALTERNATIVE -- 3 SATELLITE/AIRCRAFT/GROUND 













































0.00 21 .60 
0.00 82.42 
0.00 69.96 
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LIFE CYCLE COSTS 
MILLIONS O F  1973 DOLL4 RS DISCOUNTED TO 1974 AT 10% 
SYSTEM ALTERNATIVE -- 3 SATELLITE/AIRCRAFT/GROUND 
ALLOWABLE CLOUD COVER -- 0-10% 
NON-PECUltrllNG COSTS RECVWRING COSTS 
A t l l V ~ l V  ACTlV1TV 
































































































ni . r r  
L i f e  Cycle C o s t s  to P r o v i d e  
Land Cover I n f o r m a t i o n  f o r  
P r o j e c t e d  Demand from A l l  S o u r c e s  
P r o j e c t e d  Level I 1  Demand: 
1977  - 1984  S i x  t i m e s  at 60 d a y s  
1 9 8 5  - 1993  E i g h t  t i n e s  a t  4 5  days  
Automat ic  Data P r o c e s s i n g  
LIFE CYCLE COSTS 
MILLIONS OF UNDISCOUI4TED 1973 DOLLARS 
SYSTEAA ALTERNATIVE -- AIRCRAFT/GROUND 
ALLOWABLE CLOUD COVER -- O-30% 
T I  SCAC 
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MILLIONS OF 1973 DOLLARS DISCOUNTED TO 1974 AT 10% 
ALLOWABLE CLOUD COVER -- 0-30% 
. . 
.-t LIFE CYCLE COSTS 
MILLIONS OF UNDISCOUNTED 1973 DOLLARS 
SYSTEM ALTERNATIVE -- 2 SATELLITE/AIRCRAFT/GROUND 
ALLOWABLE CLOUD COVER -- 0-3096 
HCI 11.1 I T\' 
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LIFE CYCLE COSTS 
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